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Abstract
Effective information communication and public participation in the planning process are 
important elements for facilitating successful environmental decision-making. Previous 
research has demonstrated the importance of such factors for delivering benefits to a wide 
range of stakeholders in the planning system by increasing the transparency and efficiency of 
the planning process. Given the current problems facing onshore wind farm planning in the 
UK there is an urgent need to investigate alternative approaches for enhancing the quality of 
information dissemination and public participation in the planning process. Planning 
information relating to the potential visual impacts of wind farms is particularly important in 
the case of the wind farm planning, given the high levels of concern amongst members of the 
public regarding the perceived negative visual impact of proposed wind turbines on the 
landscape. However, shortcomings associated with traditional techniques used to assess such 
impacts have been highlighted in previous research, along with drawbacks related to the 
dissemination of such information to the public during the planning stages of wind farm 
development. This has been shown to affect the overall quality of public participation in the 
planning process.
This research is concerned with evaluating the potential of innovative digital landscape 
visualisation and Internet-based techniques for addressing some of the shortcomings in these 
areas. This thesis describes the implementation of two survey studies designed to meet these 
objectives. The first study uses a postal questionnaire approach in order to determine the 
current 'state-of-play' regarding the levels of use of such innovative techniques for improving 
impact assessment and information dissemination in wind farm planning. In addition to a 
review of the existing literature, the findings of the survey provide further rationale for 
conducting the second (Internet-based) survey study, designed to evaluate the potential of 
online visualisation-based approaches for improving the quality and dissemination of visual 
information, and enhancing public participation in wind farm planning. The survey is based 
on visualisations created for an actual proposed wind farm development in South Wales, UK. 
The findings reinforced much of the existing research literature, confirming that innovative 
visualisation and Internet-based approaches do have good potential for augmenting existing 
methods of visual information creation, dissemination and public participation although a 
variety of observations and concerns were raised by survey respondents that highlighted the 
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Chapter 1 - Introduction
1.1 Overview
1.1.1 The Growth of Onshore Wind Energy in the UK
With an estimated two-thirds of Europe's wind capacity, the resource for energy production 
from wind power in the UK is large (Strachan et al., 2006). A freely-accessible interactive 
online map 1 which displays regularly-updated world wind speed data shows how this wind 
resource compares globally (3TIER Group, 2008). Detailed information on the specific 
characteristics of the UK wind resource and its implications for the generation of energy by 
wind turbines can be viewed in a recent report published by the University of Oxford for the 
UK Government's Department of Trade and Industry (ECI, 2005).
Very simply, the use of wind as a renewable energy source involves the harnessing of power 
contained in moving air. Wind turbines are located in locations with favourably high average 
wind speeds and mounted on a tower high above ground surface where they can take 
advantage of faster and less turbulent wind. Turbines catch the wind's energy with their 
propeller like blades. Usually, two or three blades are mounted on a shaft to form a rotor. 
Aerodynamic forces (lift and drag) acting on the blades turn the turbine and produce 
mechanical power that can then be converted into electricity.
The number of wind farms (groups of wind turbines) in the UK is set to increase dramatically 
over the next decade in response to Government policy on generation of electricity from 
renewables sources. Based on a legal commitment to reduce carbon dioxide emissions (and a 
desire to reduce a high dependency on overseas energy supplies), set under the 1997 Kyoto 
Protocol, the UK Government's mandatory target for the production of energy from 
renewable sources, of which wind will be a major contributor, is 10 percent by 2010 (DTI 
2003a). Further increases are expected. The Climate Change Bill, currently (September, 2008) 
under consideration in the UK parliament, contains provisions that will set a legally binding
1 http://firstlook.3tiergroup.com/
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target for reducing UK carbon dioxide emission by at least 26 per cent by 2020 and at least 60 
per cent by 2050, compared to 1990 levels (DEFRA, 2008).
There are currently (as of August 2008) 2,033 operational onshore wind turbines at 176 
locations in the UK representing a generating capacity of 2546 Megawatts (MW) (BWEA, 
2008). According to the British Wind Energy Association (BWEA) the 2010 renewable 
energy target of 6000MW from onshore wind equates to the need for a total of around 1500 
additional onshore wind turbines (BWEA, 2006). There is also a huge planned increase in the 
number of offshore turbines in British coastal waters (BWEA, 2007). This study, however, 
focuses specifically on issues surrounding the development of onshore wind turbines, due to 
the fact that the major piece of research in this thesis focuses on a real-world proposed 
onshore wind farm development. However, many of the findings of this research are likely to 
be relevant to the implementation of offshore wind farm schemes and other significant 
developments, where potential perceived negative visual impacts are important.
1.1.2 Public Attitudes and the Visual Impacts of Wind Farms
Public attitudes to the development of wind power schemes have been examined extensively 
in previous research (for example Bishop and Proctor, 1994; BWEA, 1996; Coleby et al., 
2007; Devine-Wright, 2005; DTI, 2003b; Strachan and Lal, 2004; Toke, 2005). Whilst there 
are many underlying factors that can lead to rejection of a proposed scheme, policy-makers 
often attribute the failure of planning applications to local public opposition (traditionally 
labelled by proponents as 'NIMBYism'), driven largely by the perceived negative visual 
impacts (i.e. visual changes that the landscape and the people would experience) of wind 
turbines. This is despite strong public support (and significant support amongst some 
environmental groups/lobbyists) for wind energy nationally (Bell, et al. 2005). Although the 
NIMBY effect is disputed in some research (for example Devine Wright, 2005; Warren et al., 
2005; Wolsink, 2000), it is widely accepted that the potential visual intrusion of wind farm 
developments is a major public concern and has led to the formation of some anti-wind farm 
campaign groups (such as SWATT, 2008). For example, the results of a survey of public 
attitudes towards three wind farms in Wales (Llandinam, Rhyd-y-Groes and Taff Ely) showed 
that of the disadvantages listed, visual intrusiveness was rated the highest at 32% (Bishop and 
Proctor, 1994).
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Despite concerns regarding other potential negative environmental impacts, such as high 
noise levels (Media Wales Ltd, 2008) and the possible effects on bird and bat life (RSPB, 
2008; Baerwald et al., 2008), perceived negative visual impacts have consistently emerged as 
the most far-reaching effects of onshore wind farm developments. They are the effects 
generally of most concern to the public, not only in a UK context, but also internationally (see 
for example DTI, 2003b; Hull 1995a; Lothian, 2008; Pasqualetti, et al., 2002). This has been 
reinforced by some high profile decisions on recent wind farm proposals such as that of 
Whinash wind farm in Cumbria (BBC News, 2006). Gifford and Fang (1982) comment that 
the landscape is primarily a visual experience for most people and Bruce, et al. (1996) suggest 
that 80 percent of our impression of our surrounding environment is gained through sight. The 
visual amenity of the landscape is being increasingly seen as a commodity and there are 
concerns that proposed wind farms will significantly affect this commodity and impact 
negatively on levels of tourism (BBC News, 2005) and property prices (Dent and Sims, 2007) 
for example.
Onshore wind turbines are usually located in rural upland locations to take advantage of 
higher than average wind speed in these areas, and are invariably conspicuous from some 
distance. Stanton (1996 p. 7), discussing the visual influence of wind farms within a rural 
setting notes that "...the location of wind turbines within such a landscape results in a 
powerful image of contrasting form, colour, shape, line and elevation". Aside from the sheer 
size of the turbines structures (modern turbines can be in excess of 100m in height) there is 
also the related impact of the motion of the turbine blades, an effect which as been shown to 
attract the eye (Bishop, 2002; Bishop and Miller, 2005). Also, the movement of the turbine 
blades has often led to concerns over the potential impact of 'shadow flicker' (for example, 
BBC News, 2008a) although some research suggests that this is often overestimated (for 
example Tigges, 2002).
The planned increase in the number of wind farms in the UK is also giving rise to concerns 
over the potential cumulative visual impacts on the landscape of multiple wind farms in 
certain sensitive areas (Piper, 2001). In the uplands of Wales for example, this is also likely to 
be exacerbated by the favoured policy planning strategy ('TAN 8') of grouping wind farms 
together in close proximity within so-called 'Strategic Search Areas' (SSAs) (see for example 
Cowell, 2007; WAG, 2005).
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Quantitative research which has attempted to model factors influencing the visual impacts of 
wind turbines using computer-generated landscape images (for example Bishop, 2002; Bishop 
and Miller, 2005) has highlighted the effects of atmospheric conditions and distance on the 
visual intrusiveness of turbine structures but also acknowledges that an individual's 
sensitivity towards visual impact is shaped by their attitude towards wind energy, suggesting 
that perceived visual impact "...remains in the eye of the beholder" (Bishop, 2002 p.718). A 
Web resource produced by the Macaulay Land Use Research Institute (MLURI) in 
conjunction with the Countryside Council for Wales (CCW) provides more information on 
these issues, including a report on the cumulative impact of wind turbines and provides a 
literature review of previous research associated with the perceptual studies of wind farms 
(see MLURI, 2008a).
The potential negative visual effects of proposed wind farms are usually systematically 
assessed before a planning application for a wind farm is submitted by a developer. These 
assessments are conducted as part of a Landscape and Visual Impact Assessment (LVIA), 
which itself forms part of a wider Environmental Impact Assessment (EIA) of a proposed 
wind farm development. Chapter 2 (Section 2.2) discusses EIA and LVIA in more detail and 
describes how these processes fit into the wider wind farm planning process. Given the 
significance of perceived negative visual impacts, the findings of the LVIA is central to the 
outcome of a planning application and forms an important part of public consultation 
exercises designed to involve the public in the decision-making process (Bell, et al., 2005) 
(see Section 1.1.3).
In terms of wind farm assessment, visual concerns can be divided into two subtly different but 
related impacts, namely landscape impacts and visual impacts. In the context of visual 
assessment, landscape impacts can refer to changes in the perception of the visual character, 
fabric and quality of the wider landscape whereas visual impacts are concerned with the 
potential visual intrusion/obstruction of a proposed wind farm from specific 
receptors/viewpoints, such as people's homes, parks, places of work, roads, local 'beauty 
spots' or historic sites for example (LI-IEMA, 2002). In terms of landscape character 
assessment, visual character (comprised of: balance, colour, diversity, form, line, 
management, movement, openness, scale and texture) is just one of a number of'experiential 
characteristics' that are considered in a full landscape assessment (SNH, 2008 - see Section
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1.2). Other components of the 'landscape experience' that determine the character of a 
landscape relate to the other senses such as hearing, smell and taste (e.g. sounds, odours and 
scents) or are knowledge-related such as historical or cultural associations (SNH, 2008). Wind 
turbines arguably become the dominant visual characteristic of the landscape in which they 
are sited, but the visual character of neighbouring landscape designations may be affected as a 
result of changes in the views from such areas. Although landscape character is made up of 
many components, for the purposes of this thesis 'landscape impacts' will refer to the 
perceived changes in the visual character of a landscape.
Although there are a number of proposed methods for evaluating the visual character of the 
landscape, and the subsequent landscape and visual impacts of proposed wind farms using 
objective and/or quantitative methods (LI-IEMA, 2002; MLURI, 2008b; Miller et al, 1999; 
SNH, 2008), this research focuses mainly on the evaluation of visual tools used to enable a 
qualitative subjective assessment of a project by members of the public. A number of visual 
techniques are used to predict and convey the potential landscape and visual impacts of 
proposed wind farms (reviewed in Chapter 3). 'Traditional' techniques used in wind farm 
assessment include ZTV maps (a quantitative assessment tool, but used widely in public 
consultation exercises and therefore included in the evaluation in this research), 
photomontages and wireframe diagrams. However, in recent years there has been a move 
towards the use of increasingly sophisticated computer-based digital landscape visualisations 
for supporting impact assessment and enhancing the communication of visual information in 
wind farm planning scenarios (for example Miller et al., 2005).
The limitations of photographic and two-dimensional (2D) mapping techniques traditionally 
used to assess the potential landscape and visual impact of proposed wind farms in LVIA 
have been highlighted in earlier research (for example Coles and Taylor, 1993; Sparkes and 
Kidner 1996), and the use of digital landscape visualisation techniques has been viewed by 
some researchers as a way of overcoming some of the drawbacks associated with such 
traditional techniques (see for example Bishop, 1994; Lange, 2002; Pullar and Tidey, 2001). 
Recent research into the use of digital landscape visualisations for increasing public 
understanding of the potential aesthetic impacts of proposed developments and facilitating 
exchange between stakeholders in the planning process has shown that such techniques have 
real promise in this regard and were found to have certain advantages over traditional 
visualisation techniques (for example Appleton and Lovett, 2005).
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However, there has been very little research conducted to date which has evaluated innovative 
digital landscape visualisation techniques alongside the more traditional techniques used in 
the landscape and visual impact assessment and public consultation phases of wind farm 
planning. Given the potential advantages that such techniques have to offer, there is a clear 
need to evaluate these techniques and assess their levels of use in the wind farm planning 
process thereby updating the findings of previous research (for example Coles and Taylor, 
1993; Joao and Fonseca, 1996). In Chapter 3, these visualisation techniques are reviewed in 
much greater detail in the context of the subjective assessment of the potential landscape and 
visual impacts of proposed wind farms and their use in public participation exercises. The 
structure of the wind farm planning process and the importance of LVIA information for the 
assessment and mitigation of potential visual impacts through public involvement in the 
planning process is discussed in more detail in Chapter 2.
1.1.3 Visual Information Provision and Public Participation in Wind Farm Planning
The importance of providing effective visual information for the visual assessment of 
proposed wind farm developments by planners and the public was highlighted earlier and has 
been noted in previous research focussed on the role of visual information in landscape 
planning (for example Zube et al., 1987). Appleton (2003 p. 9) discusses the importance of 
visual information as an aid to public participation in landscape planning and suggests that 
"...the way in which information is communicated strongly influences the decisions made." 
However, in addition to the limitations associated with traditional LVIA techniques there has 
been much criticism directed at current methods of disseminating such important planning 
information to the public and engaging them in the planning process (Healey, 1998).
Increased access to information in environmental planning scenarios has been shown to have 
a positive effect on the planning process in terms of increasing public involvement and 
improving the quality of decision-making (for example, Bush et al., 2004). The value of 
effective information dissemination and public participation mechanisms in the planning 
process are recognised by local, national and international government and a range of policies 
exist to support these objectives (for example ODPM, 2003; UNECE, 1998). However, public 
access to LVIA information in the wind farm planning process has been largely restricted to
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consultation meetings and/or exhibitions designed to engage members of the public in the 
planning process. Also, the often intimidating atmosphere that can prevail at such planning 
'events' (particularly given the highly contentious nature of onshore wind farm planning in 
the UK) and their temporal and geographical restrictions means that mass public participation 
can be discouraged (Beddoe and Chamberlain 2003; Kingston et al., 2003). The quality and 
effectiveness of participatory mechanisms in wind farm planning have also been criticised in 
recent research which has highlighted the lack of effective measures taken to engage with the 
public to help mitigate the potential impacts of wind farms (Devine-Wright, et al., 200la). 
Warren et al. (2005) describe how there is often a general feeling of dissatisfaction or even 
mistrust with existing participatory processes in wind farm planning.
There are some studies that have questioned the validity of the NIMBY attribution, suggesting 
that the low success rate of wind power applications (Business Green, 2008) is as much to do 
with public concerns about the legitimacy of the planning process as perception of the impacts 
caused by wind turbines (Devine-Wright, 2005; Warren, et al., 2005). Indeed, as Beddoe and 
Chamberlain (2003 p. 4) argue, the planning system, "...under immense pressure to deliver 
wind energy developments, is widely recognised to be the most significant barrier to onshore 
wind energy schemes." Bell, et al. (2005 p.462) suggest the top-down planning approaches 
adopted by the planning authorities in the UK meant that "...the role of the public in this 
'decide-announce-defend' model of decision making is to provide criticism rather than 
support", which leads to a slowed planning process and the domination of vocal anti-wind 
farm groups in the planning system.
The benefits of effective public participation in the planning process are discussed in detail in 
Chapter 2. In addition to empowering the public and improving the transparency and 
legitimacy of the planning process, research has shown that effective public participation at an 
early stage of planning has the potential to speed-up the decision making process, thereby 
reliving pressure on a heavily strained planning system (Beddoe and Chamberlain, 2003). 
Effective public participation has also been shown to increase the success of wind farm 
planning applications (Loring, 2007) although this is not a motive of this research. In light of 
legally-binding Government renewable energy targets and the subsequent large increases in 
the number of planning applications for onshore wind farms expected over the coming years, 
there exists an urgent need to investigate alternative mechanisms for facilitating more 
effective public participation in the wind farm planning process.
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In recent years there has been growing interest and research into the use of ICT (Information 
and Communication Technology) for overcoming some of the previously highlighted 
limitations associated with traditional 'planning event'-based participatory methods in 
environmental planning. In particular, previous research has highlighted the potential of 
online GIS (Geographical Information Systems) for increasing access to spatial/environmental 
information and incorporating citizen feedback into the planning process, thereby promoting 
and improving public participation in the decision-making process (for example Carver et al., 
200la). Other recent research has concluded that a convergence of Internet-based GIS and 
landscape visualisation techniques may have particularly significant potential for informing 
the public and involving them in the landscape planning process for projects which are 
visually sensitive (for example Appleton, 2003).
However, there remains a lack of research focussing on evaluating the potential of Internet 
visualisation tools for increasing and improving public participation in the planning process 
for projects of this nature (Al-Kodmany, 2003; Strobl, 2006). Given the possible benefits that 
such technologies might deliver to the various stakeholders in the planning process, there is a 
real need to investigate this potential and to assess the current levels of use of such 
approaches in the wind farm planning process in the UK. An in-depth review of the research 
literature relating to the themes raised in this section is presented in Chapter 2.
1.2 Key Definitions
Previous discussion in this chapter has introduced four key terms that are used frequently 
throughout this thesis, namely: landscape, landscape character, visual character, and visual 
impacts. This section presents a brief definition of each term to re-iterate the importance of 
these terms and aid understanding when interpreting the remainder of this thesis.
Landscape - Many definitions of landscape in dictionaries and other general texts often 
define the term landscape as the appearance or visible features of an area of land or similar. 
Experts and organisations involved in landscape assessment and landscape research however,
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take a wider view of landscape. The view of Scottish Natural Heritage (SNH, 20082), for 
example, is that:
"...human perceptions of place also include things that cannot be seen but which add to 
the appreciation of places. These are: feelings generated by other senses - touch, 
hearing, smell, taste; feelings generated by a knowledge of the place (its cultural and 
historical associations with people, events, etc.) and; feelings generated by past 
experience of the place, or similar places - life experience. These combine to give an 
experience of landscape perceived by all the senses; sight, sound, smell, touch, taste 
and by knowledge."
Also, landscape is ubiquitous and may consist of rural, urban, rural-urban and coastal 
landscapes and seascapes for example.
Landscape character - The Landscape Character Assessment Guidance for England and 
Scotland produced by the Countryside Agency and Scottish Natural Heritage (UOS & LUC, 
20023) defines landscape character as:
"...a distinct and recognizable pattern of elements that occur consistently in a 
particular type of landscape. Particular combinations of geology, landform, soils, 
vegetation, land use, field patterns and human settlement create character."
Landscape character essentially defines the distinctiveness of a particular landscape, 
which is often strongly linked with the quality of a landscape.
Visual landscape character - As discussed previously, the visual aspect of landscape 
character (comprised of balance, colour, diversity, form, line, management, movement, 
openness, scale and texture) is one, albeit very important, factor contributing to the perception 
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lead to perceived negative changes in the visual character of the landscape, which in turn may 
result in a negative impact on the overall landscape character (see SNH, 2008; UOS & LUC, 
2002).
Visual Impact - Visual impacts can be defined as (SNH, 20084):
"...the effects on people of the changes in available views through intrusion or 
obstruction and whether important opportunities to enjoy views may be improved or 
reduced." "Landscape and visual impacts do not necessarily coincide. Landscape 
impacts can occur in the absence of visual impacts, for instance where a development 
is wholly screened from available views, but nonetheless results in a loss of landscape 
elements, and landscape character within the site boundary. Similarly, some 
developments, such as a new communications mast in an industrial area, may have 
significant visual impacts, but insignificant landscape impacts. However, such cases 
are very much the exception, and for most developments both landscape and visual 
impacts will need to be assessed."
Note: The term visual impacts is often used in this thesis (particularly in Chapters 9 and 10) 
for brevity when referring to both visual landscape impacts and visual impacts. Where a 
distinction between landscape (visual landscape character) impacts and visual impacts needs 
to be made, the explicit phases are used.
1.3 Aims and Objectives
With the above information in mind, the key themes that emerge from a review of the 
research and policy literature are as follows: The development of onshore wind farms in the 
UK is a contemporary and highly contentious issue and the perceived negative landscape and 
visual impacts of proposed developments are generally of greatest concern to the public. 
There are limitations associated with 'traditional' visual LVIA techniques used to subjectively 
assess the potential landscape and visual impacts of proposed wind farms during the design
1 http://www.snh.org.uk/publications/on-line/heritagemanagement/EIA/appendixl.shtml
11
Chapter 1 - Introduction
and public consultation phases of the planning process. Digital landscape visualisation 
technology has the potential to overcome some of the limitations associated with traditional 
visual LVIA techniques. The provision of accessible and meaningful visual information 
relating to the potential visual impacts of proposed wind farms is vital for informing the 
public and facilitating citizen participation in the planning process, but public access to LVIA 
information is currently limited and there is generally a lack of effective public participation 
at present. Increased and improved public participation in wind farm planning is desirable, 
and has the potential to empower citizens, legitimise the decision making process and reduce 
pressure on the planning system. Online GIS-based approaches incorporating visual 
information have the potential to increase and improve public participation in environmental 
decision-making for projects where the potential visual impacts of a proposed development 
are foremost. However, there is little evidence to suggest that linkages between these 
technologies have been demonstrated and/or evaluated for increasing and improving 
information dissemination and/or public participation in such planning scenarios.
The overarching aim of this thesis is therefore to investigate techniques for improving visual 
information dissemination and public participation in the wind farm planning process. This 
thesis will describe recent research undertaken to achieve this aim. Three specific research 
objectives were identified. The first main objective of this thesis is to evaluate a range of 
traditional and digital landscape visualisation-based methods for assessing the potential visual 
impacts of wind farms. The second main objective is to examine the potential of Internet- 
based visualisation approaches for increasing and improving public participation in wind farm 
planning. Increasing participation can be thought of as not only increasing the numbers of 
citizens involved in the process but increasing the diversity of participants and widening 
participation to include different sections of the community that may be disenfranchised by 
current practices. Improving participation is difficult to define precisely but one way in which 
Internet-based approaches might improve current participatory practices is by creating more 
well-informed stakeholders who could improve the overall quality of participation through 
better-informed decision-making for example. In support of these principle objectives a third 
objective of this research is to assess the current levels of use of traditional and digital 
landscape visualisation-based techniques in the LVIA and public consultation phases of wind 
farm planning, and to determine the extent to which Internet-based approaches are presently
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being used by wind farm developers to communicate and disseminate such information to the 
public.
These objectives will be accomplished by the implementation of two separate survey studies. 
The first survey study comprises a postal-questionnaire based investigation aimed at 
'landscape professionals' which focuses on providing a 'state of play' report with regards to 
the current levels of use of various LVIA techniques for assessing the potential visual impacts 
of wind farms, and also for assessing the current level of use of Internet-based approaches for 
LVIA information dissemination in support of public participation in wind farm planning. 
The second, and major, study is an Internet-based survey. The survey uses as a case study, an 
actual proposed wind farm in South Wales, UK as a basis for evaluating a range of traditional 
and digital landscape visualisation techniques for assessing the landscape and visual impacts 
of planned onshore wind farms.
Six different visualisation formats (including a ZTV map, wireframe diagrams, 
photomontages and digital landscape visualisation-based outputs) are evaluated by a range of 
different stakeholder groups including members of the public, planners, landscape 
professionals, academics and students. The evaluation adopts a mixed quantitative/qualitative 
approach. Survey respondents use a simple pre-defined scoring system (based on a semantic 
difference scale of 1-5) to evaluate each visualisation tool based on four different criteria. 
Information relating to the respondents' background that is captured at the beginning of the 
survey is cross-tabulated with the quantitative responses in order to analyse the results. This 
analysis is then further supported with free-text qualitative responses to the evaluation 
questions to provide further insight into the findings. Several additional questions are 
included in the latter part of the survey in order to determine the potential of such Internet- 
based visualisation approaches for increasing and improving public participation in the 
planning process. A mix of open and closed-ended questions are used in this part of the 
survey and the results are analysed in a similar way to those in the visualisation tool 
evaluation.
This thesis aims to address some gaps in the current research relating to the use of innovative 
visualisation and Internet-based approaches for facilitating wider and improved public 
participation in the planning process for developments where prospective visual impacts are 
significant. There is currently a limited amount of research in this area, and this thesis
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presents a novel Internet-based survey approach for gauging the potential of such techniques. 
In light of the previously highlighted limitations associated with existing visual information 
provision and participatory mechanisms in the wind farm planning process, such research 
would appear timely given the potential importance of such factors in meeting the UK 
Government's renewable energy targets in subsequent years.
1.4 Thesis Structure
This thesis is comprised often chapters, with the first chapter providing an introduction to the 
research. Chapter 2 then reviews the recent literature relating to public participation in 
environmental decision making and the use of ICT-based methods, particularly the use of 
Internet-based Public Participation Geographical Information Systems (PPGIS) for enhancing 
public participation in environmental decision-making and wind farm planning. The chapter 
provides a background to the wind farm planning process and outlines the opportunities for 
public involvement in decision-making and impact mitigation. The importance of public 
participation and effective visual information dissemination in planning is discussed and the 
limitations associated with traditional participatory mechanisms are highlighted. Research 
associated with the use of the Internet and GIS-based landscape visualisation methods for 
addressing some of the limitations of current participatory processes in environmental 
decision-making is reviewed.
Chapter 3 examines the use of both traditional and innovative digital landscape visualisation 
techniques in the impact assessment and public consultation phases of wind farm/landscape 
planning and draws on the research literature to discuss the relative strengths and weaknesses 
of each approach. The chapter then presents the results of the 'state of play' survey designed 
to gauge the extent to which traditional and digital landscape visualisation techniques are used 
in the LVIA and public participation phases of the planning process for recent wind farm 
proposals. The survey also assesses the levels of use of the Internet as a medium for 
communicating LVIA information during the public consultation phase of the wind farm 
planning process. The findings of the survey are discussed and their implications for planning 
and further research are highlighted.
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Chapters 4, 5 and 6 focus on describing the methodology behind the preparation, production 
and implementation of the major Internet-based survey. The survey was designed to evaluate 
the effectiveness of a wide range of visualisation tools (as outlined Chapter 3) for subjectively 
assessing the potential landscape and visual impacts of wind farms, and to assess the potential 
of such Internet-based landscape visualisation approaches for increasing and improving public 
participation in wind farm planning. Chapter 4 reiterates the aims of the survey and describes 
the preparation phase of the survey methodology, including the selection of the study area, 
the preliminary design of the questionnaire, and the acquisition of the software and data 
necessary to produce the visualisations and the website.
Chapter 5 focuses on the production phase of methodology, specifically the work undertaken 
to produce the various visualisation tools that were evaluated in the survey. The first part of 
Chapter 6 continues with the production phase of the methodology and describes the design 
and programming work undertaken to produce key components of the survey website, 
including the Internet mapping and database functionality. The final design of the survey is 
also presented in the form of a page-by-page guide to the website. The latter half of Chapter 6 
covers the implementation phase of the survey methodology which presents the results of a 
pilot study, describes the strategies adopted for recruiting the survey participants and 
discusses the implementation and running of the final survey. A presentation of general 
survey statistics such as response and drop-out rates and an analysis of survey participants 
then conclude the chapter.
Chapters 7 and 8 present an analysis of the results of the Internet-based survey. Chapter 7 
focuses on the presenting results of the responses to the visualisation tool evaluation section 
of the survey. The chapter is split into four sections based on the results of the four evaluation 
questions, which are related to clarity of understanding and perceived accuracy of the 
visualisations and their effectiveness for showing the potential landscape and visual impacts 
of a proposed wind farm. In each section, the overall mean scores for each visualisation tool 
are first presented in tabular form followed by further analysis of the results based on cross- 
tabulations with the respondents' characteristics. Free-text answers submitted by the 
respondents are drawn on where relevant to support the quantitative results.
Chapter 8 presents the results of the 'participation questions' section of the survey directed at 
assessing the potential of Internet-based visualisation approaches for increasing and
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improving public participation in the planning process. The chapter is split into five sections 
based on the results of each of the five questions in this part of the survey. Overall results are 
presented before the results of further cross-tabulations against respondent characteristics are 
shown. Again, as with Chapter 7, open-ended free-text responses to the questions are 
incorporated into the discussion throughout to help support the findings.
The analysis of the survey results presented in Chapters 7 and 8 is largely descriptive and the 
significance of the findings in relation to existing research and their implications for the future 
of public participation in wind farm planning are discussed further in Chapter 9, which is 
divided into three main sections based on the objectives of the research. The first main section 
reviews the results of the 'state of play' survey (Chapter 3) and discusses the significance of 
the results, particularly for supporting previous research that has highlighted a lack of use of 
Internet-based approaches for improving public access to planning-related visual information. 
The findings add further support to the rationale for conducting the major Internet-based 
survey study, the results of which are discussed in the remaining sections of Chapter 9.
The second main section of the chapter discusses the results of the visualisation tool 
evaluation results (Chapter 7) and highlights their meaning in relation to previous research. 
Key themes such as realism and the perception of accuracy/uncertainty are examined and the 
discussion describes how the findings of the research support the conclusions of previous 
work relating to the evaluation of photo and digital landscape-based imagery for impact 
assessment and as surrogates for real landscapes. One of the most significant themes to 
emerge from the evaluation that is discussed is the notion that different visualisation formats 
are complimentary and the availability of a wide range of imagery is desirable, despite a 
number of significant limitations being highlighted with each format.
The final section of Chapter 9 comprises a discussion of the 'participation questions' results 
(Chapter 8). The discussion is based on the two sub-objectives related to this part of the 
thesis, namely assessing the potential of visualisation/GIS-based participatory websites for 
increasing and improving public participation in the planning process. The discussion 
highlights how the vast majority of respondents that took part in the study were positive 
towards the potential of such technology for increasing public participation via the provision 
of accessible and meaningful information and for improving participation by facilitating 
feedback and discussion via Web interfaces. However, many possible limitations were
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highlighted by survey respondents and these are discussed along with the possible benefits of 
such approaches in relation to existing and future participatory mechanisms in the wind farm 
planning process. The discussion then considers how such technological approaches might be 
incorporated in the public consultation phases of the wind farm planning process, particularly 
during the Environmental Impact Assessment phases. Chapter 10 then summarises the 
findings of this work, highlights the key achievements and limitations of the research, and 
suggests avenues for further research.
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Chapter 2 - A Review of the Use of ICT for Facilitating 
Public Participation in Environmental Decision-Making
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2.1 Introduction
This chapter provides a review of the research literature relevant to the use of ICT, 
particularly the use of Public Participation Geographical Information Systems (PPGIS), for 
increasing and improving public participation in environmental decision-making. Wind farm 
planning can be thought of as a landscape planning issue which in turn is a wider 
environmental planning matter, therefore the use of the term 'environmental decision-making' 
is often used in this thesis when describing research/theory/technology applicable to, but not 
explicitly linked with wind farm and landscape planning. This chapter is divided into five 
main sections. Section 2.2 provides an overview of the wind farm planning process in the UK 
and highlights the stages at which the public are potentially able to participate and influence 
decision-making.
Section 2.3 describes the background to the public participation movement in environmental 
decision-making, and draws on previous research to highlight the limitations of current 
participatory approaches and explain why increased citizen involvement in planning is 
desirable. Section 2.4 focuses on research related to the use of ICT for overcoming some of 
the limitations associated with traditional means of public participation. GIS is identified as 
the ICT tool currently used most widely by experts in wind farm planning for site selection 
and Environmental Impact Assessment (EIA). Internet-based PPGIS are then introduced as a 
technology that shows promise for promoting public involvement in wind farm planning and 
the advantages and disadvantages of this technology are discussed in detail. Section 2.5 
describes how PPGIS has been used previously in the main stages of wind farm/landscape 
planning and identifies the gaps in the research relevant to this study. The chapter is then 
summarised in Section 2.6.
2.2 Background to the Wind Farm Planning Process
This section provides a brief overview of the planning process for onshore wind farms in the 
UK and describes the main activities required to be undertaken by wind farm developers 
during the key stages of wind farm development. Not intended as an exhaustive review of the
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planning system, the purpose of this section is to provide general context for understanding 
how and at which stages existing public participation mechanisms and future participatory 
GIS/ICT -based processes fit in to the wind farm planning process.
In the UK, national policy for renewable energy has been devolved into regional planning 
policy in the case of small to medium (those less than 50 Megawatts) wind farm 
developments via various Government guidance mechanisms, namely Planning Policy Wales 
and Technical Advice Note 8 (TAN8) in Wales (WAG, 2002), Planning Policy Statement 22 
(PPS22) in England (ODPM, 2004) and National Planning Policy Guidance Note 6 
(NPPGN6) in Scotland (Scottish Government, 2006). Applications for generation schemes of 
greater than 50MW in size are determined by the Secretary of State in England and Wales and 
by the First Minister in Scotland (in consultation with the local authority) under Section 36 of 
the Electricity Act, not the local planning system (OPSI, 1989).
Although the complex nature of wind farm developments means that the requirements of each 
project may have their own unique planning considerations, four main phases can be 
identified that are common to most applications and through which a developer must work in 








Figure 2.1 Four main stages of wind farm planning (reproduced from CSE et al., 2007 p. 28)
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2.2.1 Site Selection
During the site selection phase, most developers will implement desktop-based studies, 
particularly GIS-based constraints-mapping exercises (see Section 2.4.1.1), in order to help 
identify areas that are suitable for wind farm development. Consultations with the Local 
Planning Authority (LPA) begin at this stage, the outcomes of which may provide further 
specialist local knowledge and information relevant to the site selection process (BWEA, 
1994).
2.2.2 Pre-application (and Environmental Impact Assessment)
The pre-application phase of the wind farm planning process begins when a suitable site has 
been identified and ends on submission of a full planning application to the LPA. This stage 
represents the most important phase of the planning process in terms of opportunities for 
public consultation and public participation and is dominated by the production of the EIA. 
An EIA will proceed if an analysis of wind speed data that has been carried out for the site 
determines that the wind resource is favourable for the development of a wind farm. EIA is 
the term given to the process of gathering and analysing information about a project and its 
likely effects on the environment, the results of which are then complied into an 
Environmental Statement (ES - Fortlage, 1990). The Scottish Government describes EIA in 
the context of wind farm planning as (Scottish Government, 2007 5):
"...a means of drawing together, in a systematic way, an assessment of a project's 
likely significant environmental effects. This helps to ensure that the importance 
of the predicted effects, and the scope for reducing them, are properly understood 
by the public and the relevant competent authority before it makes its decision."
For the purposes of this research the EIA process can be divided into four main sub- 
processes, namely; (i) screening, (ii) scoping, (iii) preparation and completion of the ES
5 http://www.scotland.gov.uk/Publications/2007/06/26172457/8
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and EIA information provision, and (iv) mitigation procedures (CSE et al., 2007). The 
following provides a brief overview of each stage.
2.2.2.1 Screening
The purpose of the screening process is to determine if an EIA is required for a specific 
project based on its potential for adversely affecting the environment. If the LPA determines 
there are no potential adverse impacts then the project is allowed to proceed to the next stage 
of the planning process without further assessment. However, planning policy may require 
that a project of a certain type and scale will always require an EIA to be produced, as is the 
case for wind farms in the UK. The requirements for undertaking EIAs for proposed wind 
farm schemes are set out in EC Directive 85/337/EEC (EC, 1985). The Directive is applied in 
England and Wales through the Town and Country Planning Regulations 1999, and in 
Scotland through the Scotland Town and Country Planning Regulations 1999. Guidance from 
the Office of the Deputy Prime Minister suggests that an EIA is more likely to be required for 
commercial developments of five or more turbines, or more than 5 MW of new generating 
capacity. However an EIA might be required for proposals with two or more turbines in 
particularly sensitive locations or where the turbine hub height exceeds 15m (ODPM, 2006).
2.2.2.2 Scoping
Once the screening process and/or policy has determined that a project requires the production 
and submission of an EIA, a scoping process is initiated which involves the identification of 
all of the project's possible impacts and the determination of which are most significant, least 
significant or whose significance is unknown (Glasson et al., 2005). It is during this stage of 
the planning process that the first of any potential consultations with stakeholder groups and 
local communities are likely to take place, aimed at discussing the range of issues that the EIA 
should cover (CSE et al., 2007). Potential impacts for investigation may include possible 
effects on ornithology, noise levels, cultural heritage, geology, hydrology, 
telecommunications, aviation and RADAR, traffic, recreation and tourism and potential 
effects on protected or important habitats (for example SSSI, RAMSAR etc). However, as 
discussed previously in Chapter 1, despite concerns over a variety of different potential
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impacts, often dependent on the unique circumstances of a particular project, the majority of 
previous studies in this area have concluded that the "...general public is often mainly 
concerned about the visual impact of proposed wind turbines" (Lange and Hehl-Lange, 2005 
p.847). For this reason, an accurate appraisal of the potential landscape and visual impacts of 
a proposed development is therefore of great importance in wind farm planning. This process 
is known as a Landscape and Visual Impact Assessment (LVIA) and is usually carried out by 
'landscape professionals' (i.e. landscape architects/planners, environmental consultants) 
working directly for, or contracted to, the wind farm developer.
A number of best practice guidelines for wind farm development, which include general 
guidelines on LVIA and use of visualisation tools used in the assessment of landscape and 
visual impacts, have been published by various organisations including the Landscape 
Institute and the Institute of Environmental Management and Assessment (LI-IEMA, 2002) 
and the British Wind Energy Association (BWEA, 1994). However, the most recent and 
detailed guidelines for wind farm-specific LVIA are those complied by Scottish Natural 
Heritage (SNH, 2006). There is also specific guidance available for assessing the potential 
cumulative visual impacts of multiple wind farms (see SNH, 2005; Van Grieken et al., 2006).
Given the overwhelming concerns over the visual impact of wind turbines on the visual 
amenity of the landscape, the LVIA is usually the most comprehensive and important part of 
the wider ELA and is crucial to any application to the extent that the ".. .content of the ES with 
respect to visual impact will very likely determine the success or failure of the planning 
application" (Kidner et al., 1999 p. 208). The visualisation tools used in the production of 
wind farm LVIA are discussed in more detail in Chapter 3.
2.2.2.3 Preparation and Completion of the ES and EIA Information Provision
During this phase of the EIA process, relevant environmental studies will be conducted aimed 
at assessing the potential impacts determined in the previous scoping stage. A LVIA for 
example, will be generally be carried out by expert assessors such as landscape architects 
and/or environmental consultants working on behalf of a wind farm developer, either directly 
or on a contractual basis. Environmental impact studies are then compiled into a draft ES 
document, the results of which may be disseminated to the public using mail shots and/or via
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websites and are commonly presented to the public at public meetings and exhibitions 
organised by the developer where EIA information can be used in the consultation process to 
potentially help mitigate certain impacts (see below). The ES document itself will normally be 
made available via local planning offices or public libraries and in some cases via the Internet 
on LPA or developer websites.
2.2.2.4 Mitigation Procedures
Mitigation procedures can be described as "...measures envisaged in order to avoid, reduce 
and if possible remedy significant adverse effects" (CEC, 1997 p. 73). Although presented 
here as the final stage in the EIA process, Glasson et al. (2005 p. 152) noted that 
"...mitigation is not limited to one point in the assessment...although it may follow logically 
from the prediction and assessment of the relative significance of impacts it is in fact inherent 
in all aspects of the process." In practical terms in the context of public concerns over the 
adverse visual impacts of wind turbines in wind farm applications, mitigation procedures may 
take the form of adjustments in the scale and layout of a proposal and/or a reduction in the 
number of turbines based on feedback from local people or stakeholder groups (Szarka, 
2004). Rodriguez-Bachiller and Glasson (2004) classify such mitigation approaches as 
primary or 'compacting' mitigation measures whereas secondary or 'compensatory' measures 
might include the screening of turbines by planting vegetation or camouflaging turbines 
through the use of colours or non-reflective surfaces. Glasson et al. (2005) postulate that one 
of the most effective ways in which this might be achieved could be by providing participants 
in the decision-making process (including the public) with the opportunity to choose between 
realistic and reasonable alternative planning scenarios.
2.2.3 Post Application
At the beginning of this stage in the planning process a wind farm developer will submit a 
completed planning application to the LPA or in the case of projects over 50MW in size, the 
Secretary of State. This phase of the planning process also has opportunities for public 
engagement but as the application has now been submitted, participation is largely restricted
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to voicing concerns and objections over a final proposal where individuals seek to influence 
the overall decision regarding the granting of planning permission (CSE et al., 2007).
2.2.4 Post Consent
This phase covers the construction, operation and eventual decommissioning of the wind 
farm. Should planning permission be granted any public involvement would now be focussed 
on issues surround the impact of wind farm construction and the possible negotiation of 
community benefits rather than the siting and design aspects of wind farm planning.
This section has briefly reviewed the main stages of the wind farm planning process and 
highlighted the key stages during which the public has an opportunity to influence the siting 
and design of the wind farm (Pre-application - EIA stage) and the overall decision regarding 
the granting of planning permission (Post application stage) (see also Cullingworth and 
Nadin, 2002). The next section of this chapter examines the process of public participation in 
environmental decision-making with particular focus on wind farm planning. The wider 
political, theoretical and practical motivations behind the promotion of public participation in 
planning and the importance of effective information provision in participation are examined. 
The review then focuses on the issues surrounding public participation in wind farm planning 
with an emphasis on highlighting the limitations of current participatory and information 
dissemination methods in this regard.
2.3 Public Participation and Access to Information in Environmental 
Decision-Making and Wind Farm Planning
In recent years, there has been growing interest and activity in the area of public involvement 
in environmental decision-making (Halvorsen, 2006). In an environmental decision-making 
context, public involvement is generally referred to as 'public participation', although 
involvement, engagement and participation are often used interchangeably as are public, 
citizen, local and lay. Prieur and Durousseau (2006 p. 165), when describing public 
participation in the context of decision-making in European landscape planning, comment that 
the term 'public' "...should be taken to mean civil society in the broadest sense..." which may
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include special interest campaign and community groups as well as individuals (O'Rourke 
2005). Public participation is concerned with the sharing of power between the citizens and 
the government (local or national) and does not mean the delegation of decision-making 
authority to local communities, individuals or stakeholder groups. Participatory processes 
should be thought of as a compliment to and not a substitute for official decision-making: 
"...The objective is to draw into the decision-making process the views of all concerned 
groups or stakeholders, whether defined as local communities, residents, visitors, landholders, 
deprived groups, or specialists, alongside representative, democratically elected bodies" 
(Jones, 2007 p. 616).
The importance of public participation in environmental decision-making is recognised at an 
international level in the form of the UNECE (United Nations Economic Commission for 
Europe) Convention on Access to Information, Public Participation in Decision-making and 
Access to Justice in Environmental Matters (UNECE, 1998). The convention, commonly 
referred to as the Aarhus Convention, was signed on 25th June 1998 in the Danish city of 
Aarhus at the Fourth Ministerial Conference in the 'Environment for Europe' process. The 
convention is based on three central 'pillars'; the right to information, the right injustice and 
the right to participate. The right to readily-available information in a form that is easy to 
understand is regarded by the convention as a fundamental building block of public 
participation and is one of the key tenets supporting the rationale of this research. While 
Aarhus is a legally-binding convention driving the current public participation movement in 
the UK, the publication of the Skeffington report in 1969 (Skeffington, 1969) was the initial 
catalyst for altering attitudes towards public participation in the UK (Kingston et al., 2000).
In recent years, the UK central government has been committed to the role of public 
participation in decision-making. Its 1998 White Paper Modern Local Government In Touch 
with the People (ODPM, 1998), for example, strongly advises that local government should 
make great effort to develop a culture of public consultation and participation across a wide 
range of each council's responsibilities. The 2003 White Paper Participatory Planning for 
Sustainable Communities further advocates community involvement in the planning process 
and reviews best practices based on international case studies (ODPM, 2003). The 2004 
Planning and Compulsory Purchases Planning Act stipulates that each local planning 
authority in the UK must by law prepare a 'Statement of Community Involvement' (SCI) to
26
Chapter 2 - A Review of the Use of ICT for Facilitating Public Participation in Environmental Decision-Making
outline their vision and polices for enhancing public participation during the pre-application 
phases of planning applications (OPSI, 2008).
There is a realisation amongst government agencies that introducing effective public 
participation in the planning process has the potential to increase the likelihood that a 
planning decision will be approved and minimises the effects of possible adverse impacts 
through more transparent mitigation procedures, serving to improve the quality of decision 
making. Petts and Leach (2000) highlighted the advantages of effective public participation in 
planning in a recent survey of public participation methodologies published by the 
Environment Agency in the UK. They suggested that public participation can help to 
legitimise decision making, enhance democracy and enlarge citizenship. Increasing public 
involvement they argue also adds more weight to final decisions and makes the whole process 
more transparent by allowing the views of all the stakeholders to be taken into account. The 
benefits of effective public participation in environmental planning and decision-making have 
also been highlighted in other research studies, for example, Beierle and Cayford (2002), 
Charnley and Engelbert (2005) and Selman (2004). The Scottish Planning Policy SPP 6 
(Scottish, Government, 2006 6) consultation draft suggests that effective public participation 
in wind farm planning:
"...can help provide an opportunity to engage local people actively in the 
development of schemes; to address concerns about possible impacts; and to 
explain the wider benefits of renewable energy. This enables people to form 
opinions founded on the best possible information and transparency."
The public are able to participate in the planning process in a number of ways, for example 
through attendance at public meetings/hearings and exhibitions, via surveys or involvement in 
focus groups or private meetings or through more sophisticated and organised planning 
initiatives designed to engage disempowered people in decision-making such as Planning for 
Real projects (for example NIF, 2008). Though the Aarhus Convention provides a broad 
framework for public participation and the types of decisions to which it should apply, it does 
not cover the practical issues that can determine the success of any participatory initiative, and 
it is beyond the scope of this research to review the many different mechanisms and practical
6 http://www.scotland.gov.uk/Publications/2006/07/! 0150621/7
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approaches for incorporating public participation into the planning process. For more in-depth 
discussion on the theory of participatory methods and evaluation of participatory strategies 
and public participation case studies see for example Beierle and Cayford (2002), DETR 
(2000), Doelle and Sinclair (2006), Hartley and Wood (2005), Raco et al. (2006), Rowe and 
Frewer (2005), Thomas (1996), Turner (2000) and Webler and Tuler (2006).
The literature is generally positive about the potential for increased and improved public 
participation in environmental decision-making. Much of the research recognizes that the first 
step to achieving successful public participation in the planning process is through the 
effective dissemination of relevant and accessible planning information to the public (Bush et 
al., 2004). For example, the UK government's good-practice guide to implementing the 
Aarhus directives into the planning system, published by the Department for Environment, 
Transport and the Regions, highlights examples of how "...the provision of good information 
at a local level is vital for effective public participation in decision making" (DETR, 2000 p. 
9). According to Arnstein's (1969) oft-cited 'ladder of participation' (Figure 2.2), 'informing' 
the public marks the transition from 'non-participation' to 'tokenism' which is the first stage 
of true participation (see Carver, 2001).
Appleton (2003 p. 4-5) commenting on Arnstein's ladder, reinforces the importance of 
information as a building-block of the entire participatory process in landscape planning:
"...the provision of information is vital to all the steps above this if they are to 
function correctly. Moving up the ladder, at each step a higher proportion of 
citizens - presumed to be non-experts - become involved in decision making, and 
their opinions carry more influence, and therefore it is vital that the information 
relating to matters under consideration be clear and accessible"
In Wales for example, the strategic policy framework for land use planning, Planning Policy 
Wales puts public engagement at the heart of the planning system and considers the access to 
information of prime importance for implementing successful participatory initiatives (WAG, 
2002 p. 3):
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Degrees of citizen power
(Public directly influence the 
decision-making process)
Degrees of tokenism
(Public opinion gathered and 
incorporated into decision- 
making)
Non-participation
Figure 2.2 Increasing levels of public participation illustrated by Arnstein's Ladder of Citizen Participation 
(reproduced from Arnstein, 1969)
"Participation is an essential part of the planning process, and authorities are 
required to be as open as possible in making planning information publicly 
available. While authorities have legal obligations to make certain information 
available, they should consider ways in which they can provide better access to 
information, in accessible formats, in a reasonable time and at reasonable cost, to 
ensure better involvement by all members of the community, recognising that 
people with disabilities, mobility problems or other special needs have the right to 
be involved."
The importance of the communication of visual planning information has long been seen as 
important in landscape planning where concerns over the visual impacts of a development on 
the landscape are foremost (Zube, et al., 1987). Given the public concerns over the perceived 
negative impacts of wind turbines on visual landscape character and visual intrusion, it is 
therefore particularly significant in the case of information derived from EIA and LVIA in 
wind farm planning. Bell et al. (2005 p. 469) commenting on the dissemination of 
environmental information in wind farm planning argued that:
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"...information must be accessible and comprehensible. It must be presented in a 
way that the public can understand and it must be easy for them to obtain it. The 
provision of documentation, such as research reports or environmental impact 
assessments, is unlikely to meet the information needs of the public."
In order to meet these needs Bell et al. (2005 p.469) suggest that wind farm developers and 
policy makers need to:
"...draw on the growing literature on (and experience with) public participation 
techniques and environmental communication. However, they will also need new 
research that considers the merits of alternative communication strategies in the 
context of wind energy."
This research draws on the findings of such studies to explore the use ICT/GIS-based 
techniques for improving current methods of EIA/LVIA information dissemination relating to 
the landscape and visual impacts of wind farms and evaluating the potential of such 
approaches for increasing and enhancing public participation in the wind farm planning 
process. As discussed previously, LVIA information and other environmental impact 
information prepared for the EIA in wind farm planning is currently disseminated in a number 
of ways including via the ES document itself (accessed via planning offices/libraries or 
occasionally via websites) or through mail-shots and websites, but more commonly at public 
meetings/exhibitions/workshops.
The review of the planning process in Section 2.2 highlighted the EIA stage as the most 
important stage in the planning process in terms of the opportunity for the public to 
participate and influence the siting and design of a wind farm proposal through mitigation 
procedures. Glasson et al. (2005) describe how consultation and participation can be 
beneficial at various stages of the EIA process for determining the scope of an EIA, 
evaluating the relative significance of likely impacts, providing specialist local knowledge of 
a site and for helping to put forward ideas for the mitigation of impacts. As such, Glasson et 
al. (2005 p.157) suggest that "...how the information is presented, how the various interested 
parties use the information, and how the final decision incorporates the results of the EIA and 
the views of various parties, are essential components of the EIA process."
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Drawing on the findings of previous research, the results of the survey in Chapter 3 and 
experience of monitoring the wind farm planning process in South Wales, it is evident that 
current access to LVIA information has been largely restricted to public exhibitions and 
meetings organised by developers as a way of informing the public and (notionally) engaging 
them in the planning process. Such 'traditional' approaches to public participation have been 
criticised in previous research studies (for example Healey, 1998). The contentious nature of 
environmental/landscape planning and wind farm planning often results in frequent heated 
exchanges between those with opposing views. In such a confrontational atmosphere, 
attendance and mass participation at such events can be discouraged and access to EIA/LVIA 
information therefore limited (Beddoe and Chamberlain 2003). Other characteristics that can 
cause participants to feel marginalised in such meetings include the use of complex legal and 
technical jargon by wind farm developers and environmental consultants, and a feeling of 
inferiority when confronted with articulate and supposedly knowledgeable 'men in suits' 
(Davoudi and Healey, 1995).
It has also been noted that these "...more traditional methods of participation are also 
restricted because they are geographically and temporally constrained", making it difficult for 
those with limited mobility or a lack of spare time to access and respond to planning 
information (Kingston et al., 2003 p. 46). Personal experience of attending public wind farm 
planning meetings in South Wales suggested that such meetings are often held at inconvenient 
times making it difficult for many people to attend (for example, one planning exhibition that 
was attended for a wind farm application in the South Wales Valleys ran from 2-6pm on a 
Wednesday afternoon (Npower Renewables, 2006a)).
In addition to problems restricting access to information and participation at such events there 
are concerns over the quality of the participatory mechanisms and criticisms regarding the 
lack of effective mitigation procedures in the pre-application stages of wind farm planning. 
Although a developer is not legally obligated to engage with the public, government guidance 
warns that (OPDM, 2004 p. 15):
"...failure by the developer to consult could lead to objections being made which 
could be material to the determination. The aim of the process should be to 
encourage discussion before a formal application is made and therefore to avoid
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unnecessary objections being made at a later stage...There is a tension between 
the need to meet best value targets for handling major planning applications, 
while allowing for community involvement. An effective pre-application process 
is the best way to resolve these tensions."
However, it appears that there is a general dissatisfaction, mistrust and lack of awareness of 
current participatory processes with little evidence to suggest empowerment of the public is 
commonplace in this respect (Warren et al. 2005). Despite national policy and local 
government obligations intended to encourage public participation initiatives there is little 
evidence to suggest that effective participation has materialised to any significant extent in the 
wind farm planning process in the UK. For example, there have been a very small number of 
cases recorded in the published literature where meeting-based participation has resulted in 
changes to the design of wind farm proposals through mitigation measures during the EIA 
stage (Devine-Wright et al. 2001). In the same study they reviewed previous planning case 
studies in the UK and concluded that effective participatory initiatives were found to be 
negligible or non-existent and usually consisted merely of information dissemination 
exercises (step three of Arnstein's ladder).
One of the main problems facing planners and developers is the tendency for public 
participation mechanisms to be dominated by a vocal minority opposed to wind farm 
development. Despite strong support for wind power schemes at the national level, there is 
often determined and organised local opposition to wind farms. Although there are a wide 
range of complex social factors leading to the opposition of wind farms (Toke, 2005) anti- 
wind farm sentiment is generally expressed most vehemently in areas where the impact of the 
turbines on the visual amenity of the landscape is deemed to be significant (Bell et al. 2005; 
Hull, 1995; SDC, 2005). Developers and LPAs are concerned that such opposition is not 
representative of the general public view on wind farm development and are worried about 
the demands that dealing with such opposition is having on an already pressurized planning 
system (Beddoe and Chamberlain, 2003; Mitchell and Connor, 2004).
Recent figures suggest that approval rates for wind farm projects are at an all time low, 
decreasing from 82 per cent in 2004 to 62 per cent in 2007, whilst the average amount of time 
taken to reach a decision on wind farm projects is at a record high of 24 months, with one 
project in Scotland having to waiting 63 months for a decision (Business Green, 2008).
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In light of research that has highlighted the importance of effective public participation in 
wind farm planning, and particularly its benefits in helping to speed up the planning process 
and redress the balance in terms of public opposition to wind farm developments (for example 
Khan, 2003; Loring, 2007), there is clearly a need to explore the potential of alternative 
approaches for augmenting existing participatory practices. Also, given the overwhelming 
importance of the impact of wind turbines on visual amenity there is a concurrent "...need to 
measure more fully the perceived visual and aesthetic impacts of wind farms" (Strachan and 
Lal, 2004) and to disseminate and incorporate LVIA information more effectively into 
participatory decisioiPmaking scenarios. Against the backdrop of strict UK Government 
targets for producing electricity from renewable sources, such research would appear timely.
As for the question of whether the general public is suitably 'qualified' to enter into decision 
making of this nature, an earlier study conducted in Canada by Dearden (1981) compared 
landscape perceptions of professional planners and those being 'planned for' and concluded 
that there are no significant differences in perception between the two groups. Dearden (1981) 
argued strongly for increased public participation in decision making related to visual 
landscape quality, although landscape professionals (planners and landscape architects) were 
divided as to whether the public should be involved. However, given the current move 
towards enhanced public involvement in environmental decision-making, driven by 
international legal directives, government policy and participatory research, it appears that 
increased public participation in landscape planning is both desirable and inevitable. The 
following section reviews the research relating to the use and potential of ICT and GIS for 
overcoming some of the limitations related to current means of information dissemination and 
public participation in environmental decision making and landscape/wind farm planning.
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2.4 ICT, GIS and Public Participation in Wind Farm Planning
ICT can be defined as the convergence of computing and telecommunications to create 
"...activities which contribute to the display, processing, storing and transmission of 
information through electronic means" (Bruneau and Lacroix, 2001 p. 4). A significant 
proportion of the information used in landscape planning scenarios is environmental 
information and can be thought of as environmental data "...that have been acted upon, and 
therefore represent some sort of knowledge or model of the real world" (Haklay, 1998 7). 
'Communication' can refer to any electronic means of communicating information and today 
is most often used in reference to the use of the Internet. 'Real-world' environmental data is 
often spatial data that is geographically referenced and the use of GIS for storing, 
manipulating and analysing such data is universal. In terms of landscape planning, GIS has 
emerged as the favoured technology due to the inherently spatial nature of the decision 
making process (Kingston et al., 2003).
2.4.1 Current Use of Non-Participatory GIS in Wind Farm Planning
Prior to a review of previous research focussed on the use of ICT and GIS for engaging the 
public in environmental decision-making, this section provides a brief overview of the current 
use of non-participatory GIS in wind farm planning which form the basis of PPGIS 
approaches discussed in the following section. The remainder of this section describes how 
GIS have been used in the siting, design and environmental impact assessment stages of wind 
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2.4.1.1 Site Selection
As discussed previously in Section 2.2, GIS has often been used to find potential suitable sites 
for wind farm development during the site identification phase of wind farm planning on the 
basis of maximising the potential wind resources and minimising costs, environmental 
impacts and visual intrusion (Kidner et al., 1999). In their paper on the spatial planning of 
wind farms in Wales, Miller et al. (2002) describe how GIS can be used to select sites for 
wind farms. A rule-based layer approach was implemented whereby the potential for energy 
production represented by wind speed data was compared with other GIS data layers 
representing factors that might have constrained the development of wind farms for physical 
and policy reasons. This 'sieve mapping' approach involves the application of Boolean 
operators to constraining GIS data layers in order to produce an output layer representing 
suitable alternative sites (Sparkes and Kidner, 1996). A similar method was employed 
recently in a study commissioned by the Welsh Assembly Government (WAG) to define 
several broad areas of upland Wales in which to concentrate the development of large scale 
(over 25MW) wind farms (Dunsford & Macfarlane, 2004). The results of this study are 
outlined in the TAN 8 document (WAG, 2005), and the upland areas identified for 
development (Strategic Search Areas - SSAs) are shown in Figure 2.3. This approach 
however is not capable of determining which sites offer the most promising characteristics for 
development, as each constraining factor is equally weighted in terms of importance.
The use of GIS combined with MCDA (Multi-Criteria Decision Analysis) techniques can be 
used to form the basis of more sophisticated Spatial Decision Support Systems (SDSS) that 
can be used in studies where there is a requirement to evaluate the suitability of alternative 
sites (Carver, 1991 & 1999). Andrienko et al. (2007 p. 840) define spatial decision support as 
"...computerised assistance to people in the development, evaluation, and selection of proper 
policies, plans, scenarios, projects, or interventions where problems have a geographic or 
spatial component." In an MCDA-SDSS approach, the constraints are weighted according to 
relative importance with the resulting output layers ranking each location on scale of 
suitability, showing optimal locations for development, but also highlighting sub-optimal sites 
that may be worthy of consideration but which sieve mapping analysis would identify as 
unsuitable (see also Cavallaro 2005; Ramirez-Rosdao et al. 2007). Malczewski (2006) 
provides a recent and comprehensive literature review on the use of GIS-based multi-criteria 
analysis. Once a suitable site has been selected for development, GIS can be used optimise the
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design and layout of a wind farm in order to maximise the potential energy output whilst 
minimising the visual impact of the wind turbines on the surrounding area (Kidner, 1997).
N
Figure 2.3 Strategic Search Areas (SSAs) identified for intensive wind farm development in Wales, UK
The visibility calculation commonly found in many GIS software packages is the viewshed 
operation (Achilleos and Tsouchlaraki, 2004). Described in more detail in Chapter 3, the basic 
viewshed calculation is used to determine the visibility between locations in a landscape and 
is used widely in wind farm planning for helping to assess and present potential visual 
impacts and subsequently influence the design of wind farms. At their most basic level 
viewsheds are only able to show whether features (wind turbines) are visible or not visible for
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a given point in the landscape. However simple viewsheds can form the basis of more 
sophisticated visibility calculations which may incorporate visual quality and scenic value 
indices and/or weighting systems related to other measures of the significance of visibility 
(such as population density - Ervin, 2003). There have been a number of studies that have 
developed such visibility indices specifically for use in wind farm planning, although it is 
beyond the scope of the research to review them in detail in this thesis (see examples in 
Andolina et al., 1997; Howes and Gatrell, 1993; Hurtado et al., 2004; Kidner et al., 1997; 
Moller, 2005)
2.4.1.2 Environmental Impact Assessment
During the more advanced stages of environmental planning projects, including wind farm 
planning (pre-application phase), when a specific proposal has been designed, GIS are used 
widely in the preparation, analysis and presentation of environmental data as part of an EIA 
(Joao and Fonseca, 1996). As discussed previously, the potential impact of wind farms on the 
visual character of the landscape and visual amenity from specific locations has been 
identified as the impact generally of most concern to the public and so this research focuses 
on those tools used to assess these impacts, although GIS are used widely for assessing a wide 
range of environmental impacts (See Rodrguez-Bachiller and Glasson 2004).
The tools used to analyse and present LVIA information are mainly GIS-based and can be 
divided into two broad categories, namely traditional static visualisations and dynamic digital 
landscape-based visualisation tools (Miller et al. 1999; Zube et al., 1987). Traditional 
visualisation tools include Zones of Theoretical Visibility (ZTV Maps), photomontages and 
wireframe diagrams. ZTV maps are essentially modified viewshed maps showing the 
visibility calculated for a particular wind farm proposal, while photomontages and wireframe 
diagrams are created from the process of superimposing images of wind turbines onto 
photographs of the proposed site. These tools have been widely used in wind farm planning 
for LVIA and in subsequent public consultation/participation scenarios.
The visualisation of computer-generated digital landscapes from GIS data (abbreviated to 
'LV for the purposes of this thesis - after MacFarlane et al., 2005), is becoming more and 
more popular in landscape planning due to the increased sophistication and realism of the
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visualisations. Research has shown that LVs have good potential for overcoming some of the 
limitations associated with traditional photographic methods such as the ability to render 
landscape 'views' from any location within the landscape much more quickly or even 'on-the- 
fly' (Lange, 1994). Joao and Fonseca (1996; p.378) noted the potential benefits of LV for use 
in mitigation procedures in the pre-application (EIA) stage of wind farm planning: "...an 
important advantage is the easy way in which GIS [LV] allow updating and changing of 
information, and obtaining new results for changing conditions - crucial for the generation for 
alternative scenarios so essential for EIA studies." Previous research has assessed the validity 
of photographs for calculating objective measures of visual impact (for example Bishop, 
2002) however, few research studies have involved a comparison of traditional map arid 
photographic-based visualisations with LV-based outputs for the subjective assessment of 
landscape and visual impacts during the EIA stages of wind farm planning and there is a 
general lack of awareness regarding the current uptake of such technology by wind farm 
planners and developers in this respect.
These visualisation tools are reviewed more thoroughly in Chapter 3 in relation to previous 
research and the advantages and disadvantages of the different approaches in wind farm 
assessment and participation scenarios are discussed in more detail. The results of a 'state of 
play' survey designed to assess the levels of use of traditional and LV-based visualisation in 
wind farm planning are also presented. The following section examines how ICT approaches, 
in particular the use of the Public Participation GIS may have advantages for improving 
access to information in environmental decision-making and highlights how such technology 
may have real potential for overcoming some of the drawbacks related to existing 
participatory practices in wind farm planning as highlighted in Section 2.3.
2.4.2 Background to Public Participation GIS in Environmental Decision-Making
In an attempt to tackle some of the social, temporal and geographical limitations of traditional 
meeting-based participatory approaches in environmental decision-making highlighted 
previously, there is a growing body of research focussing on the use of ICT, especially the 
Internet, as a medium for more effective public participation in environmental decision- 
making (Craig et al., 2002). The UK government, keen to embrace the concept of 'e- 
participation' and mindful of this trend, has recently invested heavily in developing ICT
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infrastructure related to 'e-planning' initiatives (Kingston, 2002a). Their vision for e-planning 
is (DCLG, 2004 8):
"A world class e-Planning Service that will deliver new, more efficient ways of 
enabling the community to engage in developing a shared vision for their local 
area, easier access to high quality, relevant information and guidance and 
streamlined processes for sharing and exchanging information amongst key 
players."
As discussed previously, the use of GIS is widespread in wind farm planning and wider 
decision-making related to landscape planning and environmental planning where spatial 
datasets are used to the fore. There has been an increasing movement and research directed 
toward the use of Public Participation GIS (PPGIS) to make such data more accessible to the 
public and to allow them to interactively manipulate and query spatial data through specially 
designed PPGIS interfaces. As such the term PPGIS has been used to describe ".. .a variety of 
approaches to making GIS and other spatial decision making tools available and accessible to 
all those with a stake in official decisions" (Obermeyer, 1998 p. 65) and was first coined at 
the National Centre for Geographic Information and Analysis (NCGIA) workshop on 'GIS 
and society' in Minnesota, USA in 1996 (Schroeder, 1996).
The term PPGIS is often used interchangeably with other terms given to related disciplines 
such as participatory GIS (PGIS), community-integrated GIS, GIS for participation (GIS-P), 
Collaborative GIS (CGIS) GIS-2, Participatory 3-Dimensional Modelling (P3DM) and 
Bottom-Up GIS (see Dunn, 2007). PGIS is generally more associated with participatory 
practices and development in disadvantaged communities and developing countries whereas 
PPGIS is usually more related to planning and participation in developed countries, such as 
the case of wind farm planning in the UK examined in this study. It is beyond the scope of 
this section to review the entire PPGIS literature in great detail, rather the intention is to 
describe some of the potential advantages and disadvantages of PPGIS and highlight the 
importance of the Internet for the future of public participation in decision-making. Recent 
PPGIS literature reviews published by Hansen and Prosperi (2005) and Sieber (2006) provide
! http://www.communities.gov.uk/documents/planningandbuilding/pdf/146952.pdf
39
Chapter 2 - A Review of the Use of ICT for Facilitating Public Participation in Environmental Decision-Making
good starting points to begin more in-depth research into the history, theory, processes and 
recent advances in PPGIS.
Harrison and Haklay (2002) identified two main driving forces behind PPGIS research. The 
first is the need to provide the public with more accessible and relevant information in order 
to empower communities and the "...second objective of PPGIS is to facilitate a more 
interactive and collaborative approach to planning in which local people and members of the 
local authority, developers and local councillors meet together to discuss development 
proposals" (Harrison and Haklay, 2002 p. 3). These two objectives reflect the limitations 
observed in current participatory practices in environmental decision-making and wind farm 
planning highlighted in previous research, namely inadequate information dissemination and a 
lack of effective public participation.
Early work by Shiffer (1995) involved the evaluation of stand-alone PC-based collaborative 
PPGIS systems designed for increasing public access to multi-media planning tools and 
participatory computer environments. Shiffer concluded that increased access to relevant 
planning information led to greater communication between participants and the planning 
authority which in turn had a positive influence on the quality of the decision-making. 
Kingston (2007a) describes how such systems led to the development of Internet-based 
PPGIS tools based around the use of interactive Web maps for accessing and interacting with 
planning-related information (see examples in Craig et al., 2002; Hudson-Smith et al., 2002; 
Kingston et al., 2000). Many researchers take an optimistic view that the use of PPGIS as a 
means of disseminating planning information and improving participation has great potential 
(for example Carver et al., 2001b).
PPGIS is synonymous with the use of the Internet for delivering participatory GIS 
technology. There is little doubt that the use of the Internet for increasing participation in 
planning via PPGIS mechanisms has an obvious and huge potential to act as a "...bi­ 
directional channel of communication between the public and policy authorities" (Simao and 
Densham 2004 p.265). Perkins and Barnhardt (2005) discuss the advantages of the Internet in 
participatory decision making and its potential for lifting the spatial and temporal constraints 
associated with traditional participatory methods, and describe how improved communication 
using engaging, easily-accessible information via the Internet can lead to increased levels of 
public participation overall. Also, the anonymity afforded by the Internet gives the potential
40
Chapter 2 - A Review of the Use of ICT for Facilitating Public Participation in Environmental Decision-Making
for the public to participate in the planning system without having to endure confrontational 
atmosphere that is often experienced at face-to-face meetings (Cinderby, 2008; Kingston et 
al., 2003). Carver (2003) explains how the use of Internet-based maps as part of a PPGIS may 
prove superior to traditional planning documents in terms of interacting with and 
understanding often complex spatial information in environmental planning.
The ladder of e-participation (Figure 2.4), based on Arnstein's previously published ladder of 
public participation, shows how Internet-based mechanisms can move beyond the provision 
of information to incorporate citizens' views into the planning process through online 
discussion forums and surveys and Decision Support Systems (DSS) representing the upper 






















Figure 2.4 'e-participation ladder' (based on Kingston, 2002a)
The use of the Internet by members of the general public continues to rise. According to a 
recent National Statistics Omnibus Survey (ONS, 2007), in 2007, 15.23 million or 63% of 
UK households had access to the Internet, an increase of 7% since 2006 and 36% since 2002. 
With increasing Internet usage there has also been a dramatic growth in the use of Internet- 
mapping and online GIS-based tools. For example, it is estimated that the release of Google 
Maps (Google, 2008a) and Google Earth (Google, 2008b) has increased the number of global 
GIS users from 1 million to 100 million in recent years (Sui, 2008). The popularity of such 
tools coupled with the 'Web 2.0' revolution (Tapscott and Williams, 2008) has led to the 
development of Neogeography which "...is about ordinary folks using an eclectic set of 
online geospatial tools to describe and document aspects of their lives, society or environment
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that are meaningful to them" (Sui 2008 p. 16). Whereas several years ago there were a 
relatively small minority of people accessing spatial and non-spatial information through GIS- 
based interfaces on the Internet, the current situation is far different with vast numbers of 
citizens accessing maps and virtual globes on a daily basis, not only as passive GIS users but 
also as contributors of spatially referenced information via such 'NeogeographicaF Web 
interfaces as Google Maps/Earth and OpenStreetMap (OSF, 2008). In reference to the growth 
of online GIS-based technology, Al-Kodmany (2003 p. 66) observed that "...there are a 
growing number of lay people interpreting and creating maps and other geographic 
information products using computers."
Despite the dramatic rise in the use of Internet-based GIS by the public and the clear potential 
of Internet-based PPGIS approaches for enhancing public participation in environmental 
decision-making, a number of potential important drawbacks associated with PPGIS have 
been identified in the research literature that require further discussion (based on Carver et al., 
2000). These include:
• Potential alienation of users if systems are not designed as multi-level systems to 
	enable full access by different users
• Limitations of the Internet regarding multimedia and ease of interaction
• Danger of creating an information underclass
• Domination by vocal minority
• Problems reaching consensus with asynchronous collaborative approaches
• Antipathy and apathy
• Lack of understanding surrounding public and personal use of the Internet
• Lack of commercial and political will
• Spatial data licencing restrictions
For Internet-based participation to be truly inclusive and allow everyone to effectively 
contribute it might be necessary, especially where problems are complex, to develop multi­ 
level systems comprising different interfaces and approaches to the problem. Factors such as 
differences in age and education for example, could influence the design of each level (Carver 
et al., 2000). This leads on to the question of the usability (or user-friendliness) of PPGIS 
interfaces which has been has been identified as an important factor in determining the 
success of PPGIS projects (Longley, 2006). Cartwright et al. (2004) comment on the trend
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from a techno-centric to user-centric research and developments in this area. Haklay, (2003) 
describes the importance of usability in PPGIS systems, particularly those that may use 
complex interactive 3D LV-based environments to communicate information, and concludes 
that developing a user-friendly system is of key importance for increasing user access and 
encouraging mass participation. Computing hardware requirements and Internet connection 
speed also have an impact on whether an individual is able to interact effectively with a 
PPGIS. A recent BBC News report shows that there is a significant disparity in terms on 
broadband connection speeds between different areas of the UK, with Internet users in 
London experiencing speeds nearly twice those in Wales and Northern Ireland (BBC NEWS, 
2008b). Of course, there are also those who will have no access to the Internet at all.
As a result, some have expressed fears that such barriers may disenfranchise certain sectors of 
the community and contribute to the marginalisation of some citizens and creation of an 
'information underclass' (Pickles, 1995). Craig and Elwood (1998) had concerns that 
participation could be restricted to the young, rich and technically able. A limited number of 
planning-related PPGIS research projects conducted in the UK that have collected socio- 
economic background information on public participants have shown that, with the exception 
of schoolchildren and students, those adults that have taken part have tended to have 
professional occupations and/or be from a predominantly white middle-class background 
(Carver et al., 200la; Harrison and Haklay, 2002). Harrison and Haklay (2002) point out that 
this is typical of those 'active publics' recorded in other planning-related public participation 
studies (for example Rydin and Pennington, 2000).
The results of a recent UK-wide survey would seem to justify concerns that a greater 
proportion of older members of the public might be excluded from Internet-based 
participation (ONS, 2007). The study showed that 90 per cent of 16 to 24 year olds had 
accessed the Internet prior to interview, compared with 24 per cent of the 65+ age group. It 
was estimated that only 4 per cent of 16 to 24 year olds had never used the Internet compared 
with 24 per cent of the 65+ age group (ONS, 2007). Carver et al. (2001 p. 908) stated that 
"...it could be argued that possible increases in participation are contradicted by the 
inequalities of public access to the Internet." It is also worth pointing out that much of the 
research that could be described as 'pro-PPGIS' also acknowledges that PPGIS approaches 
are only intended to augment and not replace existing participatory methods (for example 
Kingston et al., 2000).
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As with traditional participatory approaches, there is a concern that online participation might 
also be manipulated or even sabotaged by strongly-opinionated individuals or groups and 
some have highlighted the challenges related to the regulation of participants if this is to be 
avoided (Elwood and Leitner, 1998). There are also theoretical and technical challenges that 
need to be addressed if online participation initiatives are to produce consensus amongst 
participants. As Nyerges and Patrick (2007 p. 335) commented, "...facilitated interaction in 
asynchronous-distributed meetings is difficult to implement."
Carver et al. (2000) raise the issue of public apathy towards Internet-based participatory 
approaches. The research points to the results of a survey that suggested the Internet was 
being used mainly for leisure purposes and that it may be difficult to persuade people to use it 
in a more constructive way as a tool for interaction and involvement in the decision-making 
process. However, a recent survey by the Office for National Statistics (ONS, 2007) claims 
that 46 per cent of men and 43 per cent of women in the UK use the Internet for obtaining 
information on public authorities websites, a greater percentage than those playing or 
downloading games, images, films or music (41 per cent and 29 per cent respectively).
Harrison and Haklay (2002 p. 842) describe how antipathy and dissatisfaction amongst the 
public towards the effectiveness of current traditional participatory approaches may lead to 
them being "...sceptical about the promise of 'more participation' offered by access to GIS." 
As such, "...constraints on [PPGIS-based] participation in local decision making involve 
more than overcoming technical barriers" (Harrison and Haklay, 2002 p. 842). Despite 
adopting an optimistic stance on the potential of Internet-based PPGIS for enhancing the 
democratic process, Carver (2001 p. 13) warns "...antipathy in the very people it aims to 
empower may well turn out to be the greatest threat facing participatory GIS" (see also 
Bedford et al., 2002; Davis, 2001 ). There is also a danger that the increased use of the 
Internet for participation might be seen to weaken positions of power in the business and 
political worlds (Carver et al. 2000), although there is now an increasing interest in public 
participation by policy makers.
The lack of freely-distributable or low-cost spatial data is also a potential drawback for 
prospective PPGIS projects. In the UK, the Ordnance Survey (OS), the national mapping 
agency, holds copyright over much of the digital map data. Each time one of their maps is
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downloaded the OS receives a copyright fee in addition to the original cost of purchasing the 
data. Recently the OS licencing structure has led to the abandonment of the (online version) 
'Virtual London' project run by University College London (UCL, 2008) as the 3D building 
models were derived from OS data. While this isn't a problem on a stand-alone system, when 
it came to porting the model to the Web for open public consumption, the OS declared that it 
infringed the copyright agreement (Guardian Newspaper, 2007). There has been pressure 
from some quarters for the government to re-think the licencing structure of the OS which has 
recently been well-publicised and has featured in the Guardian newspaper's 'Free Our Data' 
campaign (Guardian Newspaper, 2008). There has recently been some positive news in this 
area with the announcement by the OS of a new software product called OpenSpace which 
will allow users from non-profit organisations to interact with OS data and even add their own 
geographic data via a Web-mapping interface for free (Ordnance Survey 2008a).
Despite such potential limitations there is much in the research to suggest that the 
development of PPGIS will be beneficial to future participatory planning. As (Carver et al., 
2000) argued, "...open access to particular decision-making problems over the WWW will 
play an increasing role in the way future environmental proposals and decisions are made". 
However, the current levels of implementation of PPGIS and e-planning initiatives for 
enhancing public participation in environmental decision-making in the UK appear to be low. 
The level of interest amongst the public regarding the uptake of such systems is also unclear. 
Kingston, (2007 (personal communication)) suggests that whilst there was a definite role for 
PPGIS in the supporting public participation in the planning process:
"..what needs to be looked at in more detail is how many people actually 
participate in this manner.. .while there are vast amounts of money being invested 
in e-Government the actual take-up by citizens is not very good. Indeed it could 
be argued that e-Government investment is still more about back office 
efficiencies that citizen focused."
There is evidently a need to push PPGIS research forward in this area to determine the 
potential of the technology for increasing and enhancing public participation. In light of the 
current problems associated with participatory wind farm planning highlighted previously, 
there is clearly a need to investigate alternative strategies for increasing participation. Carver 
(2001) proposed a number of important research objectives designed to drive PPGIS research
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forward, many of which are still relevant today. Those applicable to this research project 
include (based on Carver, 2001):
1. Further research into methods of communicating GI (Geographic Information) to the 
lay public.
2. Increasing access to a wide range of GI for use in public participation exercises.
3. Further research on public approaches to decision making when there is a strong 
spatial component.
4. Investigating how participatory GIS approaches may augment traditional means of 
participation.
This section has attempted to provide a brief introduction to PPGIS and highlight some of the 
advantages and disadvantages of PPGIS for enhancing public participation in environmental 
decision-making. The following section outlines the current usage of Internet-based PPGIS in 
the site selection and EIA stages of environmental planning and underlines the paucity of 
research in this area with regard to application of such approaches for supporting LVIA and 
public participation in wind farm planning.
2.5 PPGIS for Site Selection and EIA in Landscape/Wind Farm Planning
2.5.1. PPGIS in Site Selection
There have been a number of largely prototype studies, mainly in the UK, where Internet- 
based PPGIS (or PP-SDSS - Public Participation Spatial Decision Supports Systems) based 
on MCDA mapping procedures have been implemented to educate and involve the public in 
the siting of, for example, nuclear waste disposal facilities (Carver et al., 1997) and areas for 
woodland planting (Evans et al., 1999 - based on earlier work by Carver, 1991). As with 
standalone MCDA-GIS designed for wind farm siting described earlier in Section 2.4.1.1, 
users are able to weight various criteria in order to identify areas most suitable for siting, the 
results of which are displayed on a 2D Web map.
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Despite arguments raised against participatory democracy including self-interested decision- 
making and poor turnouts, Evans et al. (2004 p. 131) found that users of the nuclear waste 
facility siting system made rational altruistic decisions, and feedback suggested that the 
majority of users felt that it made them ".. .want to learn more about the issues and participate 
in the decision-making process." Carver et al. (2004) also evaluated the nuclear waste siting 
website as an aid for teaching GIS concepts to undergraduate and postgraduate students at the 
University of Leeds and found that it substantially increased their understanding of the 
problem of nuclear waste disposal siting. Also, students overwhelmingly agreed that better 
information on environmental decision-making problems and increased public participation 
would have a positive influence on the decision-making process.
Researchers at the Centre for Advanced Spatial Analysis (CASA - University College 
London) are using a similar MCDA-PPGIS approach to promote public involvement in the 
planning process using the case study of wind farm siting within two study areas in East 
Anglia, UK (Simao and Densham, 2004). Constraining factors include amongst others a 
'visual impact' layer derived from visibility analysis accounting for proximity to centres of 
population, roads and recreational areas. Their research aims to use the online application for: 
(i) framing the context of wind energy to the public; (ii) clarifying the impacts of wind farms 
for the public; (iii) providing a user-friendly PPGIS wherein users can input their preference 
regarding constraining factors, explore the consequences of their input via online maps and 
thereby learn about their preferences for siting wind farms; (iv) developing an argumentative 
framework based around the concept of aggregate 'composite' and 'controversial' maps 
whereby users can learn about the preferences of other users and support their own decisions 
in virtual space (Simao and Densham 2004). A description of conceptual framework and 
technical aspects of the website have recently been published (Simao et al., 2008), but the full 
results of the research are not yet available. It is hoped that like previous PPGIS siting studies, 
the systems will prove useful for educating the public and motivating them to get more 
involved in the planning process.
To the knowledge of the author, the Simao et al. (2008) study is currently the only example to 
date of a PPGIS being used to promote public involvement in any stage of wind farm 
planning, and this, like the other Internet-based PPGIS are only prototype systems. Whilst 
there are a number of PPGIS projects that have focussed on fostering increased public 
participation in selecting suitable sites for regional scale developments in the initial stages of
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environmental planning in the UK (Carver, 1999; Simao et al., 2005) there is less research 
focussing on the use of PPGIS for incorporating public input for specific visually-sensitive 
projects that have progressed to the EIA stages in wind farm/landscape planning and where 
firm proposals have been submitted and need to be evaluated. This is discussed in the 
following section.
2.5.2 PPGIS in EIA
Despite the promotion of Internet-based PPGIS for enhancing public participation in 
environmental planning, very few real-world systems been implemented (for an exception see 
Kingston et al., 2000), and there are currently no published examples of Internet-based PPGIS 
being introduced in the EIA stages of landscape or wind farm planning to support mitigation 
in projects where potential landscape and visual impacts are important factors. In a recent 
study examining the global use and potential of IT-related participative methods in planning 
process, Gonzalez et al. (2007) found that there have been no recent significant developments 
in the use of Internet-based PPGIS in the EIA stages of planning. Li et al. (2004) and Li et al. 
(2007) describe the ongoing development of a 'virtual public meeting space for public 
participation' based on facilitating citizen input into the EIA stages of planning projects in 
Canada. However the research is yet to yield results regarding the reaction of the public to 
such tools and the successes and limitations of the approaches in a real-life planning scenario. 
A review of the literature suggests that with the exception of the work of von Haaren and 
Warren-Kretzschmar (2006) and Pettit et al. (2005) there have been relatively few real-world 
planning-related PPGIS projects developed since the 'Virtual Slaithwaite' PPGIS system 
developed by Carver et al. (200la) that allowed a two-way flow of information between 
planners and the public via interactive Web maps/visualisations for participatory town 
planning.
The only Internet-based GIS initiative aimed at enhancing public understanding of potential 
visual impacts in wind farm planning revealed during the course of this research was found to 
be a website run by a wind farm developer for a proposed wind farm site in South Wales, UK. 
The site9 allowed members of the public to access the photomontages prepared for the
9 www.maerdywindfarm.co.uk
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proposal as part of the LVIA by clicking on viewpoint locations presented on a rudimentary 
static map image. According to the project website, the work was commended by the Welsh 
Assembly Government for its efforts to improve information dissemination and improve 
public engagement in the planning process (REP, 2006).
There are however many more examples of projects that have incorporated non-Internet based 
participatory GIS, specifically LV, into landscape planning for mitigation of potential adverse 
visual impacts. Previous research that has used innovative LV techniques within a workshop 
environment to facilitate public understanding and participation in wind farm planning 
scenarios has shown that such approaches have real potential as tools for enhancing 
collaborative planning (for example Benson, 2005; Dockerty et al., 2006; Lange and Hehl- 
Lange, 2005; Miller et al., 2008a) although the shortcomings of LV for such purposes have 
also been highlighted (Pullar and Tidey, 2001). As stated previously, there has been no 
published research conducted to date that has evaluated LV alongside more traditional 
map/photo based visualisations for use by professional and public audiences in the EIA stages 
of wind farm planning. Given the potential benefits of LV over traditional visualisation 
methods (discussed more fully in Chapter 3) there is a clear need to address this gap in the 
research.
There is also an urgent need to evaluate Internet-based GIS as a means of delivering 
landscape visualisations and to gauge the potential of such an approach as a basis for future 
collaborative Internet-based PPGIS projects. Whilst there has been some recent work 
concentrating on public responses to different landscape visualisation tools (for example 
Dockerty et al., 2006), there remains a lack of research focussing on evaluating the potential 
of interactive online visualisation tools for increasing public participation in the planning 
process (Appleton, 2003; Strobl, 2006). Previous research has suggested that Internet-based 
PPGIS may have real potential for going beyond the dissemination of LVIA information by 
incorporating visual landscape information into two-way participatory mechanisms which 
would allow the public to directly influence decision making through, for example, the 
selection of alternative wind farm designs (Coles and Taylor, 1993) or via more sophisticated 
multi-criteria approaches (Higgs et al., 2008). However before such systems can be 
successfully developed further research is needed on assessing professional and public 
responses to the perception and usability of online visualisations to determine if they are a
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viable means of promoting participation (Appleton and Lovett, 2005; MacFarlane, Stagg et al. 
2005).
As discussed previously, the Internet itself may act as barrier to participation and it is unlikely 
(and perhaps undesirable) that Web-based processes should entirely replace conventional 
methods (von Haaren & Warren-Kretzschmar, 2006). In a study that used both workshop and 
Internet-based approaches to engage the public in participatory landscape planning von 
Haaren & Warren-Kretzschmar (2006 p. 101) found that "...citizens were not yet ready to 
replace personal contact in planning interactions with communication over the Web." 
However as Gonzalez et al. (2007 p.310) noted, "...people are becoming more familiar with 
technology and the gap between e-literate and non-e-literate is decreasing to the extent that 
the next generation will probably constitute a critical mass demanding IT-aided information 
and interaction." Further research is therefore required in order to investigate the potential of 
such technology to augment existing methods of participation in the EIA stages of 
environmental decision-making. This research is a response to Carver et al. (2001 10) who call 
for the practical development and testing of PPGIS systems to "...help direct the future of 
public participation in environmental decision-making by using GIS on the World Wide 
Web."
A number of previous studies relating to the perception of photographs of landscapes on the 
Internet have concluded that Web-based landscape visualisations are suitable for conducting 
this type of research (Bishop 1997; Wherrett 2000). Wherret (1999) for example, conducted 
an experiment in which participants were shown pairs of Web-based landscape images and 
asked to choose which they preferred. The same experiment was conducted in a traditional 
manner where people were shown hard-copy photographs. The research concluded that the 
two different approaches did not elicit any significant difference in the results. Wherret (1999 
p. 216) concluded that "...there is substantial merit in using the Internet as a medium for 
executing visual preference research", although she warns us that differences in hardware and 
software and the settings of computer screens will inevitably affect perception of images; 
however there is still very little research into the effects of these variables (Laing et al., 2005). 
Still images derived from LV are also currently being used for landscape preference research 
on the Internet (MLURI et al, 2008). Roth (2005 p. 13) also found that Internet-based
10 http://www.geog.leeds.ac.uk/papers/98-4/
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visualisations were a valid tool for experimentation into landscape perception and visual 
impact assessment and commented that more "...research should be done to examine the 
potential of online visual landscape assessment, because Internet-based experimenting is fast 
becoming a standard method in other disciplines and landscape planning should participate in 
the benefits this method offers."
The key research questions that follow on from a review of the research literature are four­ 
fold. Firstly, can Internet-based PPGIS provide a useful means of assessing landscape and 
visual impacts as part of a wind farm EIA? Secondly, how do different audiences (public and 
'professional') react to and assess the various traditional and LV-based landscape 
visualisations as a means of assessing potential impacts? Thirdly, can PPGIS, in the form of 
Web-based landscape visualisations, enhance LVIA information dissemination in wind farm 
planning and potentially increase public participation in the planning process? Finally, does 
such technology have the potential to move beyond increased information dissemination and 
be used for citizen empowerment through Internet-based collaborative mitigation initiatives? 
Before such questions can be addressed, further research is required to explore the extent to 
which the Internet and LV-based visualisation approaches are currently being used by wind 
farm developers and LPAs in the LVIA/EIA stages of wind farm planning in both assessment 
and public consultation/participation exercises. In the following chapter, traditional and LV- 
based visualisation tools are reviewed in more detail and the results of a 'state of play' survey 
are presented which was designed to determine how such technology is currently being 
implemented in wind farm EIA, updating the findings of previous research (for example 
Coles and Taylor, 1993).
2.6 Chapter Summary
This chapter has reviewed previous research related to the use of ICT, specifically Internet- 
based PPGIS, for promoting public participation in wind farm planning and wider 
environmental decision-making. The first section briefly described the background to the 
wind farm planning process in the UK and highlighted the stages of the planning process in 
which members of the public are able to participate. The EIA stage was identified as the main 
stage during which the public can potentially influence the location and design of a wind farm 
through mitigation procedures designed to minimise any perceived adverse visual impacts on
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a local community. However, a review of the literature relating to public participation in 
environmental decision-making in the second section of this chapter revealed that current 
traditional meeting-based methods of participation and information dissemination are often 
thought unsatisfactory and successful mitigation of impacts through public involvement has 
only been documented in a very small number of cases in wind farm planning in the UK. The 
benefits of increased public participation in environmental decision-making are extolled by 
much of the related academic research literature and this is reflected by the way in which 
public participation is being driven forward by government policies at international, national 
and local levels.
The third section of this chapter reviewed the use of ICT for promoting public participation in 
planning and highlighted how Internet-based PPGIS approaches show real potential for 
overcoming some of the social, temporal and geographical limitations associated with 
traditional meeting-based participation. Previous studies had also concluded that accessing 
spatial planning information via interactive maps was more intuitive and easy to interpret than 
using traditional planning documents. The use of GIS-systems in the siting and EIA stages of 
planning was reviewed and the potential benefits of LV over traditional map and photo-based 
visualisation techniques in wind farm EIA/LVIA were introduced. It was found that there was 
a dearth of research relating to the evaluation of the different visualisation tools for assessing 
the potential landscape and visual impacts of wind farms by both landscape professionals and 
the public in the EIA stages of wind farm planning.
The fourth section of this chapter reviewed the previous and current use of Internet-based 
PPGIS approaches in the site selection and EIA stages of wind farm/landscape planning. It 
was found that although there have been a few prototype Internet-based PPGIS systems 
designed to engage the public in the site selection stage of real and theoretical planning 
projects, few studies have implemented such technology in the EIA stages of landscape 
planning for projects that are potentially visually sensitive in nature. The site selection 
projects concluded that more effective dissemination of planning information via Internet- 
based PPGIS interfaces increased public understanding of a planning problem which 
subsequently led to a greater will to participate in the planning process. Given some public 
concerns regarding the potential negative effects of proposed wind farms on the visual 
amenity of the landscape, and the potential of Internet-based PPGIS approaches for improving 
the dissemination of LVIA information and promoting participation in the EIA stages of wind
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farm planning, it was suggested that there is a clear need to evaluate the technology in this 
respect.
In summary, the review of the literature in this chapter highlighted that there remains an 
outstanding requirement to:
• Evaluate the potential of Internet-based LVIA information for helping landscape 
professionals and the public to assess the landscape and visual impacts of a proposed 
wind farm.
• Evaluate state-of-the-art LV-based visualisation outputs against more traditional 
visualisation tools used in wind farm LVIA.
• Evaluate the potential of online landscape visualisation-based PPGIS for improving 
the dissemination of LVIA information in wind farm planning and increasing public 
participation.
• Evaluate the potential of online landscape visualisation-based PPGIS for improving 
public participation during the EIA stages of wind farm planning.
In support of these objectives, it was concluded that there is a need to update the findings of 
previous research in order to determine the extent to which LV-based visualisations and 
Internet-based visualisation approaches are currently being used by wind farm developers and 
planners in the EIA stages of wind farm planning; both for the initial assessment of impacts 
and for the purposes of public consultation. In the following Chapter, the relative strengths 
and weaknesses of traditional and LV-based visualisation tools are discussed in more detail 
and the results of a 'state of play' survey report relating to the current usage of such 
technology in wind farm EIA is presented.
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3.1 Introduction
Chapter 1 introduced the subject of the landscape and visual impacts of wind farms and 
described the significance of such impacts in relation to public perception and some 
opposition to proposed wind farm applications in the UK. Chapter 2 described how the 
assessment (LVIA) of such impacts by wind energy developers, forms part of the wind farm 
planning process as part of a wider EIA procedure. The review of the research literature in 
Chapter 2 showed the importance of LVIA information for public consultation and 
participation in the wind farm planning process, particularly for the mitigation of any 
potential impacts during the EIA stages of planning. Previous research has suggested that 
innovative LV-based landscape visualisations may have certain advantages over traditional 
mapping and photographic techniques for assessing and presenting LVIA information to the 
public, although these have yet to be fully evaluated by professional and public audiences.
Although the full LVIA as presented in the ES contains a great deal of additional textual or 
graphic information relating to various objective and subjective measures of potential 
landscape and visual impacts (for example SNH, 2008), this research concentrates on the 
evaluation of visualisation tools for assessing potential visual changes in the landscape. 
Visual information is generally more accessible and easily interpreted by public audiences in 
landscape planning (Appleton, 2003; Orland et al., 2001), and experience of attending several 
wind farm planning meetings in South Wales suggested that the majority of stakeholders 
make judgements about potential landscape and visual impacts based solely on visual 
information, with very little evidence to suggest that many consult the full findings of the 
LVIA contained within the ES document.
This chapter is split into two main sections. Section 3.2 provides an overview of the 
traditional and more recent LV-based visualisation techniques used in the EIA and public 
consultation phases of wind farm/landscape planning and draws attention to the benefits and 
drawbacks associated with each. Issues relevant to wind farm/landscape planning such as the 
accuracy and realism of the visualisations are also highlighted and the findings of relevant 
perceptual studies that have compared different types of visualisations (or evaluated them as 
'real' landscape surrogates) are reviewed. Section 3.3 presents the results of a 'state-of-play'
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survey aimed at assessing the current (as of October 2005) use of traditional and LV-based 
visualisation tools by wind farm developers in the EIA stages of wind farm planning in the 
UK. The survey also examines the extent to which the Internet is being used as a means of 
engaging the public in the process through the dissemination of LVIA information. The 
chapter is then summarised in Section 3.4.
3.2 Visualisation Techniques used in Impact Assessment and Public 
Consultation Exercises
3.2.1 ZTV Map
Most modern GIS software include tools that can be used to calculate visibility between 
different locations in the landscape using an algorithm applied to a digital representation of 
the underlying terrain, or Digital Elevation Model (DEM). This line-of-sight (LoS) 
functionality allows the user to determine visible 'paths' through the landscape as defined by 
the intervening topography and surface features. A viewshed is derived from multiple LoS 
radiating out from a target point (e.g. a wind turbine) (Wang et al., 1996). When a viewshed 
operation is performed using a grid (or raster) DEM with one target point, each cell in the 
output grid receives a binary value indicating whether or not the target is visible from that 
location (Fisher, 1993 - See Figure 3.1).
It is common practice to use commercially available grid-based DEM data to calculate 
viewsheds for wind farm visual assessment in a GIS, although vector-based TIN 
(Triangulated Irregular Network) elevation data can also be used. Those familiar with 
visibility modelling and viewshed calculations are well aware that such analysis serves only 
to highlight areas that are potentially affected and are by no means totally accurate (Bishop, 
2003). Uncertainties in viewshed calculations arise as a result of inaccuracies in the 
algorithms used to calculate them and, more significantly, the accuracy of the DEM used 
(Fisher, 1991; Fisher 1996). OEMs can be sub-divided into two main types; a Digital Terrain 
Model (DTM) which is usually synonymous with a 'bare-earth' terrain model whereas a
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Digital Surface Model (DSM) also depicts the top (reflective) surfaces of buildings, 
vegetation and any other feature elevated above the bare-earth DTM.
X
Figure 3.1 Principles of viewshed analysis using a raster DEM. Green cells are visible from the red point, pink 
cells are not visible (ESRI, 2006)
Uncertainty in the viewshed is often not reported in ES or public consultations. Added to this, 
bare-earth DEMs tend to overestimate visibility as they do not take into account the screening 
effects of surface features and consequently current good practice guidelines support the use 
of the term 'Zones of Theoretical Visibility' (ZTV) to describe visibility calculations prepared 
for wind farm EIA (University of Newcastle, 2002). Also, the basic ZTV operation is unable 
to convey the magnitude of any potential impacts, only whether a wind turbine is visible or 
not visible, and does not account for factors such as distance from the target point, movement 
of the turbine blades or atmospheric conditions, although more sophisticated visibility 
calculations that aim to quantify the magnitude have been developed (as described previously 
in Section 2.4.1.2).
When two or more target points are used for the ZTV calculation, each cell is given a value 
relating to the total or cumulative number of target points that are visible from that location, in 
the case of wind farms this would be the number of turbines that are visible (Moller, 2005). 
For ease of interpretation, cumulative values are often banded together (e.g. 1-5, 6-10, 11-15 
etc) in ZTV maps presented in LVIAs as impact information can become unreadable if the 
number of turbines exceeds seven or eight, although this may result in a loss of information
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(Sparkes and Kidner, 1996). Figure 3.2 shows an example of a ZTV map created by 
overlaying a cumulative colour-banded ZTV layer onto a greyscale OS base map.
ZTV maps provide wind farm developers with an idea of how many turbines are likely to be 
visible from different locations in the study area, and if separate ZTVs are produced for the 
hub and blade tip heights, an indication of the proportion of the turbines that are likely to be 
visible. Along with a professional assessment of the study area, this information enables the 
wind farm developer to "...identify a provisional list of viewpoints [for subsequent 
wireframe, photomontage or LV visualisations] and allows the determining authority and 
consultees to judge how representative these are and whether they include any particularly 
sensitive vantage points" (SNH, 2006 p. 24).
Figure 3.2 Colour-banded ZTV Map
In addition to being valuable tools for professional planners at the early stages of the EIA 
process, ZTV maps are commonly presented at public wind farm meetings/exhibition as a 
visual tool to help the public understand the extent of the potential visibility of a proposed 
wind farm. However they are not explicitly a direct measure of visual impact; a point often 
not conveyed to the public at such events or even in the ES (Kidner et al., 1999). Maps may
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not be an effective way of communicating such information to those that are not map-literate 
(Bishop, 1994) and the ZTV layer adds an extra dimension of complexity to maps which may 
compound interpretation difficulties. In addition, the fixed scales of paper maps (typically 
1:250,000 to 1:50,000) even when presented in large formats such as AO size, make it 
extremely difficult to determine the extent of visibility at precise locations relevant to 
members of the public (when determining the extent of visibility from their house for 
example). Best practice guidelines suggest that one way of improving the quality of ZTV 
information dissemination would be to present the ZTV map electronically via an interactive 
map interface on a computer screen that would allow users to zoom in on locations of interest 
to them (SNH, 2006), however the're is no evidence to suggest that such an approach has been 
implemented or evaluated in wind farm EIA to date.
Table 3.1 DEMs evaluated for viewshed accuracy
Product Horizontal Vertical Price
Resolution Accuracy
LIDAR DSM first pulse return 1 0.25 £200-800 per km2™
LIDAR DSM last pulse return 
LIDAR DTM last pulse return
NextMap IFSAR DSM 








0.25 £200-800 per km2
0.25 £200-800 per km2
1-1.5 £1.75-£ 12.00 per km2
1-1.5 £1.75-£12.00perkm2
5-30 FOC - education
3 Entire Wales coverage
£537 p.a.
5 Discontinued - 
education only
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Until recently, there has been very little empirical research that has attempted to verify the 
effect of DEM accuracy of LoS calculations using different commercially-available OEMs. In 
a US study using relatively low resolution DTMs, Maloy and Dean (2001) demonstrated that 
the accuracy of viewsheds can vary widely, and that on average, commonly used bare earth 
elevation data and analysis techniques do not produce accurate viewsheds. In an attempt to 
address the paucity of empirical work in this area, Berry and Kidner (2005) evaluated the LoS 
accuracy of a range of commercially available OEMs in the UK, including Ordnance Survey 
DTMs and the latest-generation LIDAR (Light Detection and Ranging) and ISFAR 
(Interferometric Synthetic Aperture Radar) DTMs and DSMs that have come on stream in the 
last few years (Table 3.1).
Table 3.2 Recommended distances of ZTV (reproduced from SNH, 2006 p.36)
:a
Height of turbines including Recommended ZTV radius
rotors (m) (km) ;j






ZTV were generated for each DEM for six local communications masts in a 24km study area 
in South Wales and the LoS to each mast recorded at 1241 locations (a total of 7446 LoS 
observations), which were accurately surveyed in the field using Kinematic GPS. The LoS 
results were then compared with the LoS values calculated for each of the eight OEMs. The 
accuracy of the OEMs ranged from 64% for the OS 50m Landform Panorama DTM to over 
95% for the Infoterra 1m LIDAR DSM (first pulse return) (Berry and Kidner 2005). Although 
LIDAR and RADAR DSMs have clear accuracy advantages over the lower resolution DTMs, 
such fine-grained visibility analysis may be unnecessary when producing ZTV for use in 
planning as DTMs have shown to consistently over-estimate visibility and as such offer a 
worse-case impact scenario. The cost of DSMs is also presently considerably higher than
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DTMs and may not be viable for a typically-sized LVIA study area (Table 3.2). See Maune 
(2001) and for more information related to the technical concepts behind RADAR (Radio 
Detection and Ranging) and LIDAR airborne DEM data collection and processing.
3.2.2 Wireframe Diagram
Wireframes, or wirelines, are simple computer-generated line drawings of a proposed wind 
farm on the underlying terrain depicted by a (typically bare-earth Ordnance Survey) DTM and 
are normally created using specialist wind farm-specific design and visualisation software 
(see Section 5.2). They usually contain no landscape detail or texture other than lines, or wires 
depicting the landform with the only additional detail being accurately scaled drawings of the 
proposed wind turbines (Figure 3.3). Designed primarily as a working tool for professionals, 
they are objective representations of the landscape and proposal (in the sense that they have 
not been subject to manipulation that cannot be quantified) with which professional assessors 
are able to make clear judgements regarding visual impacts when comparing them with a 
'real-world' view of a proposed site from a particular viewpoint (SNH, 2006).
Figure 3.3 Wireframe diagram
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Although wireframes are not intended to depict a realistic 'view' of a proposed wind farm 
within the landscape they accurately portray the scale and geometry a proposal and the 
relative simplicity and speed with which they can be created means that wireframes can 
potentially be generated from a large number of viewpoints. That they can be generated 
quickly is a useful attribute should a wind farm layout need to be re-visualised following 
changes made through mitigation during the EIA process (University of Newcastle, 2002). In 
addition to being used as an assessment tool in their own right, wireframe diagrams are also a 
crucial component in the production of photomontages. The accuracy of a wireline will be 
dependent on the positional data and DEM used to create it, while this may not be hugely 
important for initial site assessment, inaccuracies in the data could have a knock-on effect 
regarding the accuracy of the resulting photomontage.
The secondary use of wireframes, in addition to their role as a professional working tool for 
assessment and photomontage production is as a presentation tool. Wireframes are commonly 
included in ES documents and are often displayed at public planning meetings/exhibitions as 
either individual visualisations or presented alongside the corresponding photomontage 
generated for a particular viewpoint. Benson (2005 p. 186) argued that wireframes and 
photomontages could be thought of as both working and presentation tools and commented 
that wireframes may even be preferred to photomontages for presentation as "...they reduce 
the risk of implying a false realism." While current good practice guidelines (SNH, 2006) 
advocate the presentation of a wireframe diagram with the accompanying photomontage for a 
particular viewpoint, experience of attending wind farm planning meetings/exhibitions in 
South Wales suggested that these visualisations are often presented individually at such 
events.
3.2.3 Photomontage
Photomontages are created by combining a photograph of a planned site taken from a pre­ 
determined viewpoint with a realistic and accurately-scaled computer-generated rendering of 
a proposed wind farm (Figure 3.4). This is normally achieved by a using dedicated piece of 
wind farm design/visualisation software of the type used to create wireframe diagrams (see 
Section 4.3.3). A photograph, either a single framed photograph or a panorama of two or more 
photographs stitched together, is imported into the software and the location, distance and
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bearing information recorded during photo capture are used to generate a wireframe diagram 
from that particular viewpoint. The wireframe is then matched carefully to the photograph to 
accurately scale the turbines which are then rendered onto the photograph as realistic 
computer-generated images.
Figure 3.4 Photomontage
Sparkes and Kidner (1996) commented that photomontages are very easily interpreted by the 
public because they are used to looking at photographs, but there are conflicting ideas 
regarding how photomontages portray a wind farm proposal. A study by Benson (2005) based 
on 113 evaluations from 70 viewpoints concluded that photomontages have a tendency to 
underestimate the magnitude of visibility, whereas Sparkes and Kidner (1996) suggested they 
overestimate the visibility of wind turbines due to the high contrast of the structures with the 
background image. A certain amount of 'adjustment' in the form of colour rebalancing, 
sharpening and enhancement of contrast may then be required to achieve a more realistic 
impression of the scene (Macaulay, 2005).
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While it is beyond the scope of this thesis to comprehensively review the full literature 
relating to the perception of photographs and photomontages as landscape and future 
landscape surrogates, many previous studies have concluded that photographs can be used as 
valid representations of 'real-world' landscapes (for example Bishop and Leahy, 1989; 
Shuttleworth, 1980). Appleton (2003) reviews the literature relating to the use of 
photomontages for portraying future landscape changes. Some of the limitations associated 
with photomontages that emerged from the review included the considerable length of time 
required to create a photomontage and the limitation of static images for representing dynamic
t
landscape features or the experience of an observer moving through the landscape (see also 
Daniel and Meitner 2001; Hull and Stewart, 1992).
The findings of work relating to the perception and validity of photomontages prepared for 
wind farm EIA has suggested that the contrast ratio of a scene, essentially a measure of light 
intensity between the brightest white and the darkest black, is much lower in photographs 
than when viewed with the naked eye in the field (Macaulay, 2005). A higher contrast ratio 
typically means a better representation of colour, form and contrast. If the contrast ratio for 
the naked eye is 1:1000 then the contrast available in a digital image on a computer is 1:100 
and in a printed photograph only 1:10 (Macaulay, 2005). A recent study focussing on the 
evaluation of photomontages created for proposed offshore wind farm sites in North Wales 
found that there are many visual variables in a landscape image that differ from a 'real' scene 
and made recommendations for the preparation of photomontages based on these findings 
(Symonds Group, 2004). Another advantage of displaying photomontages on a computer 
screen is the ability to 'layer' images so that superimposed renderings can be switched on and 
off enabling easy comparison of 'existing' and 'future' scenarios (Al-Kodmany, 1999). 
However, good practice guidelines on photomontage presentation, which includes advice on 
the paper size and ideal viewing distances for photomontages, regards the display of 
photomontages on computer screens as unsatisfactory but offers no real firm evidence to 
support this argument (SNH, 2006). Benson (2005) however found that photomontages 
presented on small-format paper sizes may underestimate visibility.
The obvious advantage of photomontages over wireframe diagrams is that because they are 
based on a photograph they can provide a more realistic impression of the impact of a 
proposal on the visual landscape character, unlike wireframes that do not contain landscape 
texture/colour information. They are easily understood by the public and leave little room for
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misinterpretation but the time and effort required to produce them means that they are 
extremely inflexible should any recalculation be necessary, for example, due to changes in 
viewpoint location or the layout and design of the wind farm resulting from the outcomes of 
EIA mitigation procedures (Sparkes and Kidner 1996). Also, photomontages, like wireframe 
diagrams, are unable to depict movement in the landscape, which is a particularly limiting 
factor in the assessment of proposed wind farms due to the effect of the movement of the 
turbine blades on potential landscape and visual impacts. Animated photomontages, or 
videomontages, have been used to depict blade movement but Sparkes and Kidner (1996) 
doubt the effectiveness of such approaches arguing that they have proved largely unsuccessful 
in the past. They comment that they have been very costly to produce and favour dynamic 
LV-based visualisations modelling turbine and observer movement (Sparkes and Kidner, 
1996).
As they are based on a 'snap-shot' image of the proposed site they are also temporally limited 
in that they are unable to portray dynamic changes in the landscape that may arise through 
atmospheric or seasonal variation and by definition can only be thought of as truly accurate at 
the time of data capture. The overriding limitation of photomontages however, is that they are 
only able to provide a view of a development from a limited number of static pre-defmed 
locations which are usually selected by the wind farm developers perhaps in conjunction with 
the LPA or other stakeholder groups. Viewpoints for photomontages must be carefully 
selected bearing in mind the legal responsibility of those preparing the EIA to fairly assess 
potential visual impact. Previous research suggests that the selection of viewpoints for certain 
schemes has been less than ideal (University of Newcastle, 2002). There is a danger that 
potentially misleading information could be seized upon, for example, by anti-wind farm 
campaigners and may create a negative impression of the development with the wider public. 
Given the limited amount of viewpoints (a review of several wind farm ESs found that on 
average there are less than 20 photomontages included) that can be represented by 
photomontages it may often not be possible to provide visual information relevant to many 
members of the public, such as the potential visual impact from their house or place of work 
or recreation.
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3.2.4 GIS-based Digital Landscape Visualisation
Advances in computer processing power, graphics and visualisation techniques and the 
growing quantity and quality of environmental information and spatial data has led to 
significant developments in GIS-based digital landscape visualisation (LV), which is 
increasingly being used in new areas of environmental, design and planning research (Bishop, 
2000). Bishop and Lange (2005a) present a historical perspective on the development of LV, 
describing the evolution of landscape visualisations from prehistoric rock art to modern-day 
digital landscape modelling, and highlight the importance of landscape visualisation as an 
effective way of communicating changes to the environment.
In recent years, advancements in the field of LV have accelerated as a result of the 
development of LV software with the ability to integrate traditionally distinct data formats 
used to model the natural and built environment in three dimensions, namely GIS and CAD 
(Computer Aided Design). Van Oosterom (2004 n) summarises the different approaches; 
"...CAD represents the man-made world while GIS also captures the natural environment. 
The underlying mathematical description is therefore quite different. Whereas CAD 
represents single complex objects in 3D with a high degree of accuracy, GIS aims to capture 
large numbers of objects in a common embedding." While GIS software has been more useful 
for visualising large areas of continuous landscape, CAD has been more focussed on 
visualising discrete and highly realistic (mainly man-made) entities. However, it appears that 
margins may be beginning to blur, at least in the area of landscape visualisation. While 
Ervin's (2006) vision of a future unified LIM (Landscape Information Model), comprised of a 
heterogeneous data structure may be some way off, current LV software now at least has the 
capability of rendering highly realistic landscape images by combining projected 2D 
geographic data and a whole host of CAD and other 3D data formats (Appleton, 2003).
Appleton et al. (2002) provide a typology for describing the three main approaches to creating 
LV from spatial databases. The division of these approaches into image draping, 
photorealistic rendering and virtual worlds is still a useful way of describing the key methods
1 ' http://www.directionsmag.com/article.php?article_id=601 &trv= 1
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used to create LV. Image draping is the simplest of the three and in its most basic form 
requires only a DEM to represent the terrain and a 'drape' image which is usually a remotely- 
sensed satellite image or aerial photograph. Image draping mathematically 'drapes' an image 
over the DEM such that the pixels in the image are correctly georeferenced to the underlying 
terrain. This approach to LV modelling is commonly performed using standard GIS software 
and while it is a quick and simple way of creating visualisations, the realistic 3D 
representation of surface features is limited and the land surface detail is dependent on the 
resolution of the image and DEM. However the relative simplicity of an image drape model 
means that users are usually able to navigate smoothly around the model with minimal 
computer processing overheads.
Photorealistic rendering allows the user a high degree of control over features in the landscape 
model, including the ability to assign detailed colours and textures to the land surface and the 
capability to visualise complex 3D surface models (Figure 3.5). The terrain can be fractalised 
to give the impression of complexity and realistic vegetation cover and atmospheric 
conditions can be modelled (for further information on digital modelling techniques for 
photorealistic landscape visualisation see Ervin and Hassbrouck (2001)). However, the 
creation of complex and realistic visualisations using photorealistic software can be time 
consuming and may require a high degree of expertise to achieve good results. Appleton et al. 
(2002) note that while the realism can be much higher than image draping techniques there is 
a trade-off in terms of decreased interactivity and increased image rendering times. They 
comment that the rendering of highly-photorealistic landscapes is restricted to still images or 
non-interactive 3D animations, and interactive real-time navigation through highly complex 
landscape models is constrained by computer processing limitations.
Interactive real-time formats or 'virtual worlds' can be created using photorealistic 
visualisation software but usually the detail, realism and size of the area being visualised 
needs to be reduced to allow efficient navigation and display. In a virtual world the user is 
free to navigate through the landscape model in ways that may simulate walking, driving or 
flying through a real-world landscape and additional non-visual information may also be 
included such as labelling or hyperlinks to supplementary media. While it has not been 
possible to review the wide range of LV software available on the market today as part of this 
study, Appleton et al. (2002) evaluated several LV software packages as part of their research, 
the results of which are discussed in Section 4.3.3.3.
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Figure 3.5 'Photorealistic' rendering of a landscape using LV software
Landscape images rendered from LV are easily interpreted by professional and popular 
audiences alike, and are generally more readily understood than conventional 2D mapping 
(Lange, 1994). Paar (2005 p. 2), commenting on the advantages of 3D visualisation over 
traditional 2D techniques, suggests "...laypersons are usually overwhelmed by abstract, 
graphically sparse mapping and other forms of representation and are unable to translate this 
information into landscape images." In terms of the assessment of potential landscape and 
visual impacts of wind farms, LV immediately offer a number of advantages over traditional 
LVIA techniques discussed previously. Like photomontages, they attempt to portray a 
realistic impression of a proposal within the landscape and offer the user a chance to 
qualitatively assess a project, but unlike photomontages 'views' can be quickly generated 
from any location within the landscape model and there is theoretically no restriction to the 
number of viewpoints that can be generated. This potentially enables users to assess the 
impacts from locations which are more relevant to them, such as from their place of residence, 
a local park or along a scenic walk for example. As Miller et al. (2000 p. 140) commented, in
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the context of assessing the potential visual impact of rural wind farm developments, 
technology that would allow a member of the public to choose their own viewpoints has, 
"...potentially, greatly significant implications for the extent and effectiveness of consultation 
in the planning process."
The ability to modify and quickly re-visualise the features in a landscape model in a way that 
cannot be done using photomontages could enable more effective mitigation in wind farm 
EIA. Previous studies that have applied LV in participatory landscape and urban planning 
scenarios have concluded that such approaches have real potential in this regard (see for 
example Geertman and Stillwell, 2004; Klosterman and Pettit, 2005; Pettit et al, 2005; 
Schmid, 2001; Stock et al., 2007; Tress and Tress 2003). Also, the facility to animate 
landscape features using certain LV software means that the movement of the turbine blades 
can be represented, a factor which has been shown to increase the visual effect as the moving 
blades draw the eye (Bishop 2002; Benson, 2005). Additionally, other landscape elements 
such as clouds, vegetation and human/vehicle models may also be animated to increase 
realism.
Given these potential advantages it is not surprising that LV are increasingly being used in 
public participation scenarios related to planning (Bishop, 2008; Strobl, 2006). Miller et al. 
(2002) discuss how the use of LV can assist in environmental decision making for projects, 
particularly wind farms, where concerns over visual impacts are pre-eminent, especially when 
public access to such information is required as it encourages a better understanding of a 
proposal. Lange and Hehl-Lange (2005), for example, have conducted research into the use of 
interactive LVs for workshop-based collaborative wind farm planning in Switzerland. Their 
research found LV to be an extremely important tool for visualising such proposals and in 
helping to negate potential conflict at an early stage in the planning process. However, in a 
study of eight wind farm planning proposals in Scotland conducted between 1995 and 2001, 
Benson (2005) found that LV were not being regularly incorporated into the wind farm 
planning process in the UK and there has been no evidence in the literature to suggest that the 
use of the technology has become commonplace in this context. Consequently, good practice 
guidelines for incorporating LV into wind farm EIA in the UK are not yet available, although 
some previous studies have offered audience-oriented workflows for the production and 
effective application of LV in general landscape planning scenarios (for example Hill and 
Linder, 2005; Williams et al., 2007).
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Recent research conducted in the UK by the Macaulay Land Use Research Institute (MLURI) 
has evaluated the use of Virtual Reality (VR) systems for delivering LV in a participatory 
wind farm planning setting (Miller et al., 2008a). Their study used a mobile Virtual 
Landscape Theatre (VLT12) to display an interactive real-time LV that was used to facilitate 
exchange between stakeholders in relation to the layout of a (theoretical) wind farm 
development in Scotland. Their research found that such an approach was valuable for 
promoting public engagement in the planning system and showed particular promise for 
mitigating potential visual impacts by allowing wind turbines to be removed from the 
landscape scene 'on-the-fly' thereby permitting a quick re-assessment of the proposal by the 
audience. Miller et al. (2008a) point to recent research that suggests that the number of 
turbines in a proposed wind farm is the factor which is most often changed as the result of 
mitigation procedures in the EIA stage of wind farm planning (Coleby, 2005). In addition, 
Miller et al. (2008a p. 236) describe how the "...capability to examine the landscape from a 
range of viewpoints and heights allows the viewer to achieve a better understanding of 
landscape scale and connectivity; an understanding that maps, photographic images, drawings 
and even the real experience may often fail to provide."
Ball et al. (2008) demonstrate how the mitigation of potential wind turbine impacts could be 
further extended using the VLT system. They describe how wind farm developers are able to 
explain the engineering constraints behind wind turbine layouts in consultation/participation 
scenarios using visual buffer discs placed around the turbines representing the minimum 
allowable separation distances between turbines, combined with a visual overlay of wind 
resource data. Described as a "...very powerful communication tool", this has obvious 
potential for mitigating impacts in participatory wind farm planning scenarios (Ball et al., 
2008 p. 86). Other recent research evaluating the VLT for educational purposes has shown 
that interactive VR systems have significant potential for involving young people in the 
landscape planning process (Miller et al. 2008b)
The term virtual reality is often associated with systems designed to make the user feel 
virtually part of an artificial computer generated environment within which they are able to 
interact (Batty et al., 1998). Bishop and Lange (2005b) suggest that there are many definitions
12 Online video showing the VLT in use available at http://www.macaulay.ac.uk/videos/vlt.php
70
Chapter 3 - GIS-based Visualisation Techniques used in Wind Farm LVIA: Review and 'State of Play' Survey
of what constitute a virtual reality system but in their view the three most important defining 
criteria are immersion, interactivity and realism. Research into the use of immersive VR 
systems for visualising landscapes is enhancing the realism of digital landscapes still further, 
allowing important perceptual responses such as peripheral vision to be incorporated into the 
users visual experience (Brown et al., 2006; Danahy, 2001). Combining 3D graphics engines, 
normally associated with gaming technology, with LV, is an ongoing area of research which 
has the promise to deliver further improved levels of realism and interactivity (Germanchis, et 
al., 2004; Herwig et al., 2005).
There are relatively few studies focussed on the use of collaborative LV in wind farm 
planning in comparison to those devoted to the role of LV for visualising changes to the 
landscape in participatory forest management and climate change studies. Researchers at the 
Collaborative for Advances in Landscape Planning (CALP) at the University of British 
Columbia for example, have shown LV to be an effective tool in the initial stages of forest 
planning and as a means of helping the public better understand proposed forest management 
strategies (Meitner et al., 2005; see also Tyrvainen et al., 2005). Predicted landscape changes 
caused by climate and land use changes have also been visualised to compelling effect in a 
number of recent studies (for example Tress and Tress, 2003; Dockerty et al., 2005; Sheppard, 
2005a).
Digital landscape visualisation is the key component of the EU-fimded VisuLands project, the 
overarching aim of which is the development and application of visualisation tools to support 
public involvement in the assessment of landscape change. Published research from the 
project based on work for a Swiss study area has concluded that LV has an important role to 
play in landscape planning, especially through engaging the public in the planning process 
(Schroth et al., 2005). Their study highlights the benefits of interactive LV for facilitating 
effective public participation in landscape planning. An extensive study in Germany based on 
the use of interactive ICT for landscape planning in the small rural town of Koenigslutter am 
Elm, also found interactive LV to be an important tool for enhancing collaborative decision 
making (von Haaren & Warren-Kretzschmar, 2006). Though perhaps less pertinent in onshore 
wind farm planning, which has to date been primarily a rural or semi-rural concern in the UK, 
there has been considerable research into the 3D visualisation of urban environments. Of 
particular note in this area is the work of researchers at the University College London and 
their Virtual London Project (CASA, 2008). Batty et al. (2001) discuss the techniques used to
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produce a 3D city model of London and review similar projects being undertaken for other 
major cities around the world.
As described previously, LV software may have the capability to allow the user to 
interactively navigate around a 3D landscape model and also have the facility to create non- 
interactive animated 'fly-throughs' or 'walk-throughs' where the user is taken through the 3D 
landscape along a predefined route. Output can also be provided in the form of more 
conventional static images which can usually be rendered quickly from any location within 
the model. The availability of such information in digital form provides enormous opportunity 
for dissemination via the Internet, potentially widening public involvement in planning 
(Bishop and Lange, 2005c). Miller et al. (1999) comment that Internet-based LV has 
potential for use in the EIA stages of wind farm planning as a tool for enhancing mitigation. 
Dissemination via the Internet they argue will result in LV being "...more widely available, 
and the inclusion of people involved in the impact assessment process increased" (Miller et 
al., 1999 p. 173-174). Since this research however, there has been very little evidence to 
suggest that such approaches have more generally been implemented in wind farm planning.
The distribution of realistic Interactive LV-based landscapes over the Internet still remains a 
considerable challenge. Three-dimensional landscape models created using high resolution 
OEMs and imagery and which also may feature complex 3D models and textures, can 
generate very large file sizes which prove problematic when distributing over networks with 
limited bandwidth, especially for real-time navigation within a 3D landscape (Pullar and 
Tidey, 2001). Real-time navigation by the end user within a 3D landscape environment is still 
possible, but usually involves downloading software and also the full model itself in order to 
be viewed locally in real-time. Manipulating highly realistic real-time models demands a 
computer with high-end processing power and advanced graphics capabilities in order to 
achieve the desired effect.
Online GIS-based 'earth viewers' such as Google Earth (for a listing and comparison of 
current earth viewers see VTP, 2008) use innovative streaming technology for distributing 
'virtual globes' but these systems largely utilise relatively low resolution DEMs and remotely 
sensed imagery. As a result their use in visual impact analysis, where the accurate modelling 
of the underlying terrain and surface features is of vital importance, is limited at present but 
this will undoubtedly improve over time. Despite their limitations in impact assessment, such
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tools have revolutionised public interaction with 3D GIS and spatial datasets and they have 
been invaluable for introducing the phenomenon of navigation within a virtual landscape to a 
wider audience, an experience formerly restricted to 3D gamers or professionals using 
specialised visualisation software. However, Haklay (2002) describes how navigation in a 
virtual world can cause a problem for the user, with some systems being difficult to control 
and where the user can easily become lost and disorientated. If interactive LV were 
distributed to the public as part of a PPGIS approach to enhancing public involvement in 
landscape planning, the development of a user-friendly system would be of key importance to 
increase user access and encourage mass participation (Haklay, 2003).
The perception and realism of LV is another important area of research in this field. Several 
recent studies have evaluated public and 'professional' responses to the degree of realism of 
LV compared with photo-based visualisations representing real landscape surrogates 
(Appleton and Lovett, 2003; Appleton and Lovett, 2005; Dockerty et al., 2006; Lange, 2001). 
Lange (2001) found that certain landscape visualisations, particularly those showing distant 
landscapes, can be almost indistinguishable from photographs of the same scene. Earlier 
perceptual studies that compared photographs and LV-based imagery and/or images 
combining facets of photographs and virtual landscapes found that photographs were better 
representations of the real world than the LV-based images (Bergen, et al., 1995; Killeen and 
Buhyoff, 1983; Oh, 1994). However the LV imagery used in these studies was relatively 
rudimentary in comparison to present day LV outputs.
hi his study, Lange (2001) divided survey participants into local/non-local and lay/expert 
groups and found that local participants, who were more familiar with the study area, rated 
LV images higher than non-locals. Lange speculates that this may have something to do with 
the prior landscape knowledge of the local group. Although computer-generated visualisations 
will never be able to accurately represent all of the elements in a real landscape (Ervin, 2001; 
Tyrvainen and Tahvanainen, 1999; Tahvanainen et al., 1996), Lange (2001 p. 180) argues that 
"...even simulations with a lower degree of realism can still contain the most important 
information needed for a specific purpose." Appleton and Lovett (2003) warn us that 
increased realism in LV images doesn't necessarily reflect a higher level of information and 
that inaccuracies in the data (for example the underlying DEM and the heights and locations 
and morphology of surface features) could be hidden from the unassuming viewer using 
highly realistic images (see also Orland, 1994). They also found that it was not possible to
73
Chapter 3 - CIS-based Visualisation Techniques used in Wind Farm LVIA: Review and 'State of Play' Survey
define a sufficient level of realism for LV, although features such as a high-level of 
foreground detail in a still LV scene was found to be an important factor for increasing the 
perception of realism. Appleton and Lovett (2003) note the lack of analysis relating to 
participants' background information in their survey, and suggest that such information might 
be useful for helping to explain different responses to the evaluation of landscape images.
In their more recent research based on responses to visualisations by planners and other 
professionals, Appleton and Lovett (2005) call for more studies into the perception of 
visualisations and the level of realism required by professionals and the public alike. They 
identified a number of benefits and drawbacks to the use of computer visualisations in 
planning, related to for example, realism, the incorporation and communication of uncertainty 
in the models, and issues regarding the location of viewpoints. All of the previously cited 
perception studies compared still LV images with photographs/photomontages, with the 
exception of Dockerty et al. (2006) who evaluated interactive LV and photomontages for 
representing future climate-change related landscape scenarios. They concluded that survey 
respondents found that photomontages were more useful for representing landscape change 
because of the difficulties experienced by those less experienced with computers when using 
the interactive LV. They concluded that further research is required for evaluating the relative 
merits of visualisation methods for visualising future landscapes.
Warren-Kretzschmar et al. (2005) employed a wide of range of workshop and Internet-based 
visualisations, including photomontages and LV, as part of an ICT-based participatory 
landscape planning project in Germany. While the various visualisations were not evaluated 
in great depth, their findings do show that the public generally responded favourably to the 
use of LV for landscape planning. A significant theme to emerge was the notion that each 
visualisation method was useful for different purposes and the participants saw the various 
approaches to visualisation as complementary. The study also found that many people 
preferred meeting-based visualisations to those hosted on the Internet due to the technical and 
usability problems some participants experienced when attempting to access interactive real- 
time LV via the Web. In an earlier study using a similar range of workshop-based 
visualisations for participatory community planning in the USA, Al-Kodmany (1999) also 
found that a variety of visualisation options was desirable as there were found to be strengths 
and weaknesses associated with each visualisation method.
74
Chapter 3 - GIS-based Visualisation Techniques used in Wind Farm LVIA: Review and 'State of Play' Survey
There has been a limited amount of perceptual research aimed at evaluating different LV 
output formats as landscape surrogates. Bishop et al. (200la) for example, noted how the 
completely free movement that is possible at ground level in a virtual world is often not 
feasible in the real world, although 'fly-throughs' at higher altitudes are more realistic in this 
respect but themselves may not reflect the real-life experiences of the user (see also Bishop et 
al., 2001b; Bishop and Rohrmann 2003). The processing overheads involved in producing and 
displaying animated and interactive LV mean that still images are usually the most detailed. 
Perrin et al. (2001) argue that still images can lead to better decision-making as users are more 
likely to examine the images and absorb their detail, although Appleton (2003) points out that 
a user does not necessarily have to be constantly moving through an interactive virtual 
landscape.
Sheppard (2001, 2005) warns us to be mindful of the seductive 'crystal ball' powers of LV 
for envisioning landscape change, and highlights the potential misuse and the need to be 
aware of, and convey the uncertainty in, virtual landscape models (see also Daniel and 
Meitner, 2001; Nicholson-Cole, 2005). Williams et al. (2007 p. 215) suggest that "...the 
selection of landscape elements for modelling appears driven by professional knowledge and 
available data rather then the concerns of a target audience" and call for an audience- 
orientated approach to participatory LV modelling. These sentiments are echoed by 
MacFarlane et al. (2005 p. 352), who argue that LV can "...rarely if ever be value neutral" 
and as such transparency regarding the technical processes and "...socio-cultural framework 
within which the LVs are created and interpreted for specific purposes" is important for 
adding legitimacy. Orland et al. (2001) suggest that technological progress in the field of LV 
is overtaking our knowledge of how best to apply it in meaningful real-world scenarios and 
Bishop (1994) remarks that it is imperative to critically examine the validity of advancing 
techniques prior to implementation.
As renewable energy policy, along with other factors such as climate change and 
agricultural/land use policy, is likely to result in significant landscape change, "...the role for 
tools that can be used to explore scenarios of change will become increasingly significant" 
(Miller et al. 2005 p. 183) and further advances in computer graphics and data capture 
techniques suggest that "...virtual landscape management will increasingly be looked on to 
replace existing land management procedures" (Orland et al., 2001 p. 147). Schmid (2001) 
predicts that LV could become indispensable for facilitating informed dialogue between
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planning professionals and citizens and forecasts that virtual landscapes will become an 
important part of decision support systems in spatial planning to the extent that future spatial 
planning will be performed entirely within virtual 3D environments. Whether Internet-based 
participatory visualisations will promote public participation in landscape planning is still 
largely unknown. Strobl (2006 p. 25) remarks that "...currently there is no or little empirical 
work available in this area."
Further research is required in order to gauge the perceptions of planning professionals and 
the general public to the use of such visualisations in planning scenarios (Appleton and 
Lovett, 2005). Factors which may act as potential barriers in the use of (particularly 
interactive) LV as part of an online PPGIS, such as excessive data download, advanced 
computing requirements, and usability need to be examined to help ensure the successful 
implementation of such systems. Despite the promise of the use LV in wind farm planning 
there has been no or little published research on the current use of LV by professional 
consultants and wind farm developers (although commercial sensitivity and intellectual 
property rights issues could explain this). An early study by Coles and Taylor (1993) 
suggested that the take-up of such techniques was low, but there is an urgent need to update 
their findings to take into account new developments in software and data. Also, more recent 
research by Benson (2005) highlighted the limited use of LV in the wind farm planning 
process in the UK. In light of the findings of the review of the use of ICT in wind farm 
planning/environmental decision-making in Chapter 2, particularly the potential of Internet- 
based PPGIS for enhancing public participation, there is also a need to determine the extent to 
which the Internet is being used to disseminate visualisations to the public during the EIA 
stage of wind farm planning in the UK. The results of a survey aimed at addressing these gaps 
in the research literature are presented in the next section of this chapter.
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3.3 LVIA and Information Dissemination Techniques in Wind Farm 
Planning: 'State of Play' Survey
3.3.1 Aims
Following on from a review of the academic literature, it appears that there is an urgent need 
to update the findings of previous work to determine the extent to which traditional and LV- 
based visualisations are currently being used in practice by wind farm developers and 
planners in the EIA stages of wind farm planning (both for the initial LVIA and for the 
purposes of public consultation). Additionally, there is a need to ascertain the level of use of 
the Internet for disseminating LVIA information to the public as part of the wind farm 
planning process. This section describes the implementation and results of a survey designed 
to address these aims.
3.3.2 Methodology
A postal questionnaire was sent out in October 2005 to 151 wind farm developers, 
environmental consultants, landscape architects, freelance consultants, planners, academics 
and other professionals in the UK that had been identified as being involved in producing 
visualisations for use in visual impact assessments. The database of prospective participants 
was created from extensive Internet and telephone-based research and included many of the 
major wind farm developers and environmental consultancies and related research institutions 
in the UK. The questionnaire was a substantial 27-question document covering many aspects 
of the types of techniques used for wind farm siting including LVIA (Appendix A). The broad 
themes of the questionnaire concerned:
• Details of LVIA work undertaken, including the nature and number of LVIA produced 
and the year they were carried out.
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• Types of tools and visualisation techniques employed to produce LVIAs, capturing 
detailed information on kinds of software/data being used where appropriate (although 
results relating to specific software/data are not reported in this research).
• Means of LVIA information dissemination and presentation to the public and 
awareness of emerging participatory techniques.
• Awareness of Internet-based PPGIS for delivering visualisations to the public.
The 151 contacts surveyed included 90 confirmed contacts qualified by a prior telephone 
survey, with the remaining batch of 61 sent as unconfirmed contacts. The former group of 
qualified contacts included a target group of 45 organisations and individuals known to be 
involved in the production of visualisations for wind farm LVIA. A total of 63 completed 
questionnaires were returned; an overall response rate of 42%. Of these, 29 respondents (64% 
of those involved in wind farm LVIA) indicated that their organisations were involved in 
producing visualisations for wind farm LVIA. Although many of the other respondents were 
involved in commercial LVIA work, they indicated that they were not involved in wind farm 
LVIA and were therefore not included in the analysis. The following summary is therefore 
based upon the responses to selected questions of the 29 respondents that supplied 
information relating to wind farm LVIA only.
3.3.3 Results and Discussion
Each respondent was asked how many wind farm LVIAs they had been involved in producing 
and the year of the most recent LVIA. Between them, the 29 respondents accounted for a total 
of 325 individual wind farm LVIAs, although it was noted that in several cases where 
respondents had supplied specifics regarding individual projects, two or more respondents had 
worked on the same project, primarily for large wind energy developments. Given the fact 
that at the time (2005) there were a total 389 onshore wind farms in the UK that were either in 
planning, under construction, consented or operational, this represents a significant sample 
size in terms of wind farm LVIA experience (BWEA, 2005). Added to this, 86% of 
respondents indicated that the most recent project they had worked on was in 2005, with only 
one respondent indicating that their most recent involvement in a wind farm LVIA was prior 
to 2004.
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Figure 3.6 Visualisation techniques used in wind farm LVIA (29 respondents)
Figure 3.6 shows a summary of the visualisation techniques employed during the initial LVIA 
stage of the wind farm planning process. Figures relate to the number of respondents using 
each technique and not the number of individual LVIAs in which the techniques have been 
applied. It is clear that the traditional LVIA techniques still dominate, with 90% of 
respondents producing ZTV maps and photomontages respectively and wirelines also being 
used widely (79%). Videomontages were the least commonly produced visualisation 
technique with only 17% of respondents indicating their use, whilst over half (63%) of 
respondents have produced LV-based visualisations for LVIA. Although there is no data 
relating to the exact number of individual LVIA where LVs have been used, the figures are an 
indication that the awareness, and use, of such technology is becoming more widespread 
amongst professional assessors since the earlier studies of Coles and Taylor (1993) and 
Benson (2005).
Several of the respondents who indicated that they are not currently producing LV for wind 
farm LVIA commented that they were looking at the possibility of incorporating LV at the 
time or in the near future. It is likely that the growth in the use of LV is in part a result of 
rapid advances in visualisation software and increased availability of higher quality 
environmental data, particularly higher resolution OEMs. Figure 3.7 shows a breakdown of 
the LV formats used to visualise potential wind farm sites during the LVIA stage. Of the 15 
respondents that indicated use of LV, each indicated that they use still images of LV, while
79
Chapter 3 - CIS-based Visualisation Techniques used in Wind Farm LVIA: Review and 'State of Play' Survey
80% produce animations (fly-throughs and walk-throughs) and 20% use interactive real-time 
LV. The next stage in the survey was to establish if and how visualisations produced in the 
early LVIA stages of a project for developers or local authority planning officers were being 
utilised in the more advanced stages of planning as an information source for assessment of 
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Figure 3.7 LV output formats used in the initial LVIA stages of wind farm planning (15 respondents)
Figure 3.8 shows a summary of the techniques used to deliver LVIA information to the public 
in the consultation stages of the planning process. There were five less overall respondents 
(24) for this question, perhaps an indication that projects in which the five respondents had 
been involved had not made it to the planning stage, or that they had no involvement in 
exhibiting information to the public. However the high response rate overall (83%), suggests 
that professionals involved in producing visualisations during the early stages of the EIA are 
also involved with delivering the findings to the public later on in the planning process. 
Photomontages (96%) are clearly the favoured means of displaying LVIA information to the 
public, with ZTV maps (63%) and wireframes (58%) used to a slightly lesser extent than in 
the LVIA stage. It appears that LVs are also used less in public consultation with 38% of 
respondents employing the use of LVs at this stage in the planning process.
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Figure 3.8 Visualisation techniques employed in public consultation stage of wind farm El A (24 respondents)
A breakdown of the formats used to deliver LV-based visualisations in the public consultation 
phase of EIA can be seen in Figure 3.9. Still images of 3D landscapes are the most popular 
format (89%) closely followed by animations (67%), in the form of a pre-defmed fly-throughs 
and/or walk-throughs. Only two respondents (9%) indicated that they had used interactive 
LVs in the consultation stage, whereby the user (i.e. a member of the public) is able to freely 
control navigation within a real-time 3D environment. These two respondents were contacted 
for further information regarding the nature of the interactive LVs that they provided. One 
respondent said that their organisation used VRML (Virtual Reality Modelling Language) to 
produce interactive visualisations on rare occasions for particular bodies that have requested 
them, such as the Ministry of Defence and the National Trust, but not specifically for wider 
public consultation. A second respondent commented that their organisation used a mobile 
virtual reality modelling theatre for research and commercial work relating to public 
participation in wind farm planning. They commented that they used real-time models 
(VRML and other formats) to allow members of the public to navigate through a virtual 
landscape and select their own viewpoints from which to view the proposed development.
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Figure 3.9 LV formats used in public consultation phase of wind farm planning (9 respondents) * 1 respondent 
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Figure 3.10 Means of disseminating LVIA to the public in consultation stages of wind farm EIA (24 
respondents)
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Having established the techniques used for assessing landscape and visual impacts during the 
public consultation phase, Figure 3.10 provides a summary of the means by which such 
information is disseminated to the public, excluding official local authority planning 
documents and ESs. There was a high response to this question (83%) with all the 
respondents who answered the previous question contributing. Almost all of the respondents 
(88%) indicated that they delivered LVIA information via paper-based presentations at public 
meetings and exhibitions. The next most popular method for disseminating LVIA information 
was through the use of locally distributed flyers and brochures (50%). It is thought that flyers 
are limited by the small size of the paper on which the visualisations are printed although it 
was not possible to acquire and examine a typical flyer used for this purpose during the course 
of this research.
Only a quarter of the respondents indicated that they used computer-based presentations at 
local public meetings as a means to disseminate LV-based visualisations. This does not tally 
with the figure for still 3D images used in public consultation scenarios shown in Figure 3.9 
(a total of 8), but it is possible that still LV images can be printed on paper for use in public 
meetings or in ES or newspapers or even shown on projectors. The exact nature of the 
computer presentations is unknown but experience of attending public wind farm 
meetings/consultations in South Wales suggests it is likely that laptop computers are used for 
displaying LV images of a proposed wind farm. Previous discussion highlighted the fact that 
one organisation used a mobile virtual reality modelling theatre for public consultation but it 
is very unlikely that such expensive and highly specialised technology is in common usage for 
this purpose.
Given the potential of the Internet as a means of enhancing the dissemination of LVIA 
information and thereby perhaps increasing public participation in planning, the use of the 
Internet as a means of disseminating visual impact information amongst the survey 
participants was of particular interest. The two respondents (8%) that indicated use of the 
Internet for distributing LVIA information were contacted for further information regarding 
the specific nature of their work. In one instance, Web dissemination was simply a case of 
optimising the resolution and compression of photomontage images, so that their wind farm 
developer clients could host them on their websites as PDF versions of the paper documents.
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The other respondent stated that Internet dissemination of visual impact information was 
research related only, but stated that interactive VRML landscape models have not been 
successfully made available online due to bandwidth restrictions. Representing landscape- 
scale areas using VRML produces large file sizes, particularly when a realistic level of detail 
is necessary (Brown et al., 2002). von Haaren and Warren-Kretzschmar (2006) noted that 
large landscapes can only be represented in abstract form using VRML on the Internet, though 
it may be more suitable for smaller built up environments (Pettit et al., 2005). Immediately 
after this survey was conducted, a commercial website was developed aimed at disseminating 
LVIA visualisations to members of the public for a wind farm in South Wales (REP, 2006). 
The website, which came online in early 2006, allows users to access georeferenced 
photomontages and wireframe diagrams from a static map image. This is thought to be one of 
the first, and to date one of the few, examples of disseminating LVIA information to the 
public in wind farm planning in this way (although similar visualisation-based commercial 












Figure 3.11 Awareness of PPGIS for promoting public participation in wind farm planning (29 respondents)
Finally, Figure 3.11 shows that very few participants were aware of the term PPGIS and its 
potential for promoting public participation in wind farm planning. However it could be 
argued that PPGIS is a specialist term presently restricted to academic rather than commercial 
endeavours and the responses to this question may not accurately represent respondents' 
awareness of the potential of the Internet to enhance promote public participation in planning,
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although the low numbers of respondents indicating that they use the Internet for the 
dissemination of LVIA information is reflected in this response rate.
3.3.4 Conclusion
The questionnaire findings show that the use of LV in wind farm planning appears to have 
grown in recent years, although traditional methods of assessing visual impact still dominate 
current practice. Given the fact that many of the respondents were involved in producing 
material for recent LVIA, the adoption of emerging visualisation technologies is perhaps not 
surprising. In a recent study in Germany based on an extensive survey into the take-up and 
application of LV software by professionals in the field of landscape and environmental 
planning, Paar (2005) concluded that LV are becoming widely adopted in the assessment of 
large scale projects. However, the survey also revealed a number of current limitations of 
existing LV software packages. Whilst the barriers limiting more widespread use of 
visualisation technologies in landscape planning have not been specifically investigated in 
this particular study, Paar (2005) provides some detailed analysis in this area, which is also 
likely to be applicable in a UK and international context. Paar (2005 p. 22) found that 
planning professionals were "...currently dissatisfied with the quality of visualisation of 
plants and habitats provided by the available software. Convincing representations of plants 
and habitats are the feature most demanded from the next generation of visualisation 
systems." In addition Paar (2005 p. 21-22) concluded that other "...obstacles to the 
implementation of 3D visualisation tools are the perceived personnel and investment costs, as 
well as the difficulty of using the software. 3D simulation software and landscape 
visualisations are seen as too time-consuming and as requiring much preparation, without 
meeting many of the demands of private planning consultancies and public planning 
authorities."
Despite probable increases in the use of LV in the EIA stage of wind farm planning, the 
findings from the survey and the literature reviewed in Chapters 2 and 3 suggest that the use 
of the Internet for disseminating LVIA information and/or engaging the public in the EIA 
stage of wind farm planning is presently limited. There is little evidence of linkages between 
Web and LV-based technologies in this regard even though such approaches have been shown 
to have advantages over traditional methods of LVIA assessment and information
85
Chapter 3 - CIS-based Visualisation Techniques used in Wind Farm LVIA: Review and 'State of Play' Survey
dissemination. There is a clear need to evaluate the potential of online visualisations for 
promoting public participation in wind farm planning, and to assess the perceived benefits and 
drawbacks of different visualisation techniques by public and professional audiences.
3.4 Chapter Summary
This chapter has focussed on the visualisation tools used for assessing landscape and visual 
impacts as part of the EIA stage in the wind farm planning process in the UK. The first 
section of the chapter briefly reviewed the four main types of visualisation tools used in wind 
farm EIA, namely ZTV maps, photomontages, wireframe diagrams and computer-generated 
landscape visualisations (LV). The discussion related to the benefits and drawbacks of ZTV 
Maps highlighted their use as a valuable quantitative tool during the early stages of LVIA for 
calculating the extent of the potential visibility of a proposal and in helping to identify 
suitable viewpoints from which to produce visualisations. It was also noted that they are 
widely used as a presentation tool in exhibition/consultation scenarios although concerns over 
potential difficulties experienced by members of the public when interpreting ZTV maps and 
the limited accuracy of viewsheds when using low resolution (particularly bare-earth) DTM 
data were raised.
Despite the lack of any landscape features in wireframe diagrams, they are used extensively 
by professional assessors in the initial stages of LVIA as they objectively portray the scale 
and location of a proposed wind farm. They can be produced relatively quickly using 
specialised software and are regularly used as presentation tools for public 
consultations/exhibitions. Photomontages are generally very realistic images of a proposed 
wind farm as they are based on a photograph of the existing landscape. However they are very 
time consuming to produce meaning that only a limited number of photomontages are usually 
produced during a LVIA. They are also temporally restricted in that they are only able to 
accurately represent the visual character of a landscape at the time of photo capture and like 
wireframes and ZTV maps they are unable to convey the movement of the wind turbines or 
the movement of the viewer through the landscape. Good practice guidelines suggest that 
photomontages should be presented with the corresponding wireframes in ES and at public 
exhibitions but experience of attending such events suggested that this is not commonly
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practiced. Perception studies indicated that photomontages and photographs can be useful as 
real landscape surrogates.
Generating LV representations of landscapes is usually more complex than producing 
photomontages or wireframes due to the huge variety of software, data and techniques 
available. Consequently, the review of LV was more extensive than the reviews of the other 
visualisations. The review comprised a typology of LV systems, a discussion of the 
advantages and limitations of the technology, an overview pertinent studies that have 
incorporated LV into environmental decision-making and wind farm/landscape 
planning/assessment and a brief discussion of perceptual (realism, accuracy etc) issues related 
to the implementation of LV in participatory planning scenarios. The review also covered 
issues related to the dissemination of LV via the Internet and highlighted the potential of 
Web-based (particularly interactive) LV for enhancing the visual assessment of development 
proposals and encouraging public participation in the planning process. A review of the 
research literature suggested that further work is required to evaluate the potential of online 
visualisations for promoting increased public input into landscape planning, and to assess the 
usefulness of the various visualisation formats in this context.
The findings of the literature review were reflected in the results of the 'state of play' survey 
that were presented in the second main section of this chapter. The survey was designed to 
examine the extent to which LV-based visualisations are being used in the assessment and 
presentation of landscape and visual impacts in the EIA process, and the extent to which 
Internet-based approaches are being used to disseminate LVIA visualisation outputs to the 
public and engage them in the planning process. The results suggested that although the use of 
LV in LVIA and consultation stages of wind farm EIA appears to have increased in recent 
years, there is still little evidence of innovative Internet-based systems being implemented and 
designed to inform or involve the public through the dissemination LVIA outputs on the Web.
As a result of the findings of a review of the relevant literature and the outcomes of the survey 
it was concluded that there is a clear requirement to evaluate traditional and LV-based 
visualisation formats for assessing the potential landscape and visual impacts of proposed 
wind farms, and to gauge the potential of using the Internet for disseminating such 
visualisations and promoting public participation in wind farm planning. The remainder of
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this thesis discusses the methodology and results of a Web-based survey that was 
implemented in order to try and address these gaps in the research.
Chapter 4 - Web Survey Methodology Part 1: Aims and Preparation
Chapter 4 - Web Survey Methodology Part 1: Aims and 
Preparation
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4.1 Introduction
The findings of the research conducted in previous chapters has determined that 
there is a 
need to implement an experiment to evaluate a range of traditional and LV-bas
ed LVIA 
techniques and to assess the potential of online visualisation approaches for enhanci
ng public 
participation in wind farm planning in the UK. Chapters 4 to 6 describe the methodo
logy used 
to conduct an Internet-based survey to help address some of the gaps in the resear
ch. This 
chapter begins by reiterating the rationale for the Web survey and then focuse
s on the 
Preparation phase of the methodology which comprises the identification and selec
tion of a 
suitable study area, the preliminary design of the Web survey and analysis techniq
ues and a 
description of the software and data acquisition phases of the project. The chapte
r is then 
summarised in the final section.
4.2 Aims
The aims of the Web survey are based on the following main findings derived 
from the 
review of previous research in this area: It was found that the landscape and visual i
mpacts of 
onshore wind farms are the effects generally of most concern to the public and
 previous 
research showed that contemporary LV-based visualisations may have some advant
ages over 
traditional LVIA methods, although there was little evidence to suggest that the
 different 
approaches have been compared and evaluated by experts and/or the lay public. A
ccess to 
relevant and easily understood planning information was found to be of great impo
rtance in 
environmental decision-making, acting as a fundamental building block on which
 effective 
participation in the planning process can be based, but current means of disseminat
ing LVIA 
information to the public in wind farm planning scenarios, and traditional me
thods of 
engaging the public in the planning process were found to have limitations. Effecti
ve public 
participation is generally thought to be a desirable goal in wind farm planning a
nd wider 
environmental decision-making.
GIS was identified as the main ICT tool used in wind farm planning and Inter
net-based 
PPGIS approaches have been shown to have good potential for overcoming som
e of the 
limitations associated with traditional methods of information dissemination a
nd public
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participation. However such approaches are not currently being widely implemented 
and as 
yet there has been no research that has examined the potential of Internet-based LVIA
 tools 
for overcoming these limitations, despite findings from previous research that have 
shown 
there is merit in using Internet-based studies for landscape visualisation evaluatio
n and 
landscape preference research.
Following on from this, two main objectives were identified. The first aim was to ev
aluate 
and compare a wide range of traditional and LV-based visualisation tools used 
in the 




- 3D landscape visualisation - still images
- 3D landscape visualisation - animations
- 3D landscape visualisation - real-time interactive landscape model
The second objective was to investigate the potential of Internet-based LVIA too
ls for 
increasing and improving public participation in wind farm planning. The criteria u
sed to 
evaluate these tools and approaches and achieve these aims are discussed in this chapter
.
4.3 Methodology Part 1 - Preparation
A number of approaches were considered in order to address these aims. An Internet
-based 
survey was chosen as a means of evaluating online LVIA approaches, a technique th
at has 
been used successfully by others in related studies (for example Bishop, 1997; Wh
errett, 
1999). In order to evaluate Internet-based material there was obviously a requirement 
for the 
survey to be Web-based and it was felt that a remotely-accessible survey would be pre
ferable 
to one accessed in controlled and supervised workshop or laboratory-based condition
s. The 
main reasons for this were that a remotely accessible survey would possibly:
• Maximise the number of potential participants by permitting respondents to comple
te 
the survey in their own time and at their own convenience.
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• Maximise the diversity of potential respondents both culturally and geographically 
(The academics and landscape professionals that were planned to be invited to take 
part in the survey were known to be based in various locations throughout the UK and 
overseas).
• Provide a more realistic idea of the potential benefits and drawbacks of Internet-based 
visualisation compared to traditional meeting-based approaches. If supervised 
workshop sessions or interview type approaches had been used then they would have 
negated the experience of participating 'remotely' from a place of work or at home.
While an Internet-based survey was thought to be the best approach for this research, it is 
important to be mindful of the potential disadvantages of such approaches, such as the 
possibility of multiple submissions, high drop-out rates, problems with participants 
misunderstanding or struggling with concepts or technology, and difficulties in trying to 
achieve a range of views and opinions from a cross-section of a community whilst avoiding 
bias and ensuring representativeness (Reips, 2002). A comparison of both unsupervised 
remotely-accessed and supervised workshop-based approaches was considered during this 
research but time constraints did not allow for such experimentation. However, research has 
shown that results from Web and laboratory based studies across different research areas are 
often identical (Kranz and Dalai. 2000).
Roth (2005) for example, found that there was little difference in responses between online 
and on-site surveys designed to assess participants' visual landscape preferences. This 
research employed a mixed-method qualitative/quantitative approach based on elements of 
the methods used in previous relevant studies (for example Lange, 2001; Appleton and 
Lovett, 2003). It was felt that the comparison of landscape imagery and attitudes towards 
wind farms and participation is so inherently subjective that an evaluation of this nature 
would benefit from qualitative data in the form of participants responses to open ended 
questions supporting a basic quantitative analysis of closed-ended questions. This 
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4.3.1 Study area selection
4.3.2 Preliminary survey design
4.3.3 Software acquisition
4.3.4 Data acquisition
5.1 - 5.5 Produce visualisations
6.2 Internet mapping development
6.3 General website development
6.4.1 Pilot testing
6.4.2 Participant recruitment
6.5 Run survey - General response 
statistics __
Figure 4.1 Simplified overview of the Web survey methodology
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Figure 4.1 shows a general overview of the workflow used to create the Web survey. This 
chapter deals with the Preparation stage of the Web survey methodology while the 
Production and Implementation stages (Figure 4.1) are described in the following two 
chapters. Each main stage is then sub-divided into clearly defined tasks. The remainder of this 
chapter is dedicated to describing the methodology used to complete the tasks in the 
Preparation phase of the Web survey methodology. Although they are presented here in the 
order in which they would have logically been tackled, the reality was that as with other 
aspects of the methodology the tasks often ran concurrently. This was true for every stage of 
the methodology.
4.3.1 Study Area Selection
In order to reflect the contemporary and contentious nature of wind farm planning, the survey 
was planned to be based on visualisations produced for an existing or proposed wind farm 
site. Gaining familiarity with the study area and producing the visualisations would likely 
entail numerous field trips so ready access to the site was a key consideration. Another 
important criterion was that the study area should contain a settlement (or settlements) with as 
large a population as possible in order to maximise the potential number of local inhabitants 
(i.e. 'public') that might take part in the survey. It was also desirable to choose a case study 
wind farm which had polarised the community and led to a diversity of opinions. If there were 
strong opinions on an existing or proposed wind farm this could improve the potential 
response rate. Also if the case study was based on a proposed wind farm then the planning 
stage of the proposal would also be an important consideration, in terms of public awareness 
of a current wind farm planning application. If public wind farm planning meetings had been 
held recently in an area, participants might have 'fresh' knowledge of such events with which 
they could relate to the Internet-based approaches presented in the Web survey.
Onshore wind farms are mostly found in sparsely populated rural landscapes and a study area 
that was situated in such a location might struggle to yield a sufficient number of 'local' 
survey participants. A further crucial factor influencing the decision was the availability of 
spatial data necessary for the production of maps and visualisations. The failure to acquire one 
or more important data sets for a specific area could rule it out as a potential study area.
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The Taff Ely wind farm, which is approximately 2km south of the village of Gilfach Goch in 
Rhondda Cynon Taf, South Wales (Figure 4.2 & Figure 4.3), was initially considered due to 
the researcher's familiarity with the wind farm and surrounding area and the fact that it has 
been the focus of previous GIS-based visibility analysis research at the University of 
Glamorgan (Dorey et al., 1999). The Taff Ely wind farm became operational in October 1993 
and comprises 20 wind turbines each approximately 50m high delivering a combined 
maximum output of 9MW. It is currently operated by Npower Renewables (Npower 
Renewables, 2008). However, during this phase of the project, articles appeared in the local 
press regarding the submission of a planning application to build a new wind farm at the head 
of a valley to the north of the Taff Ely site.
The Pant-y-wal wind farm, proposed by Npower Renewables, comprised 20 wind turbines on 
exposed moor land approximately 1.5km North West of the village of Gilfach Goch (Figure 
4.3). The site falls just inside the southern boundary of TAN 8 Strategic Search Area 'F' (as 
shown previously in Figure 2.3, Section 2.4.1.1). A number of public meetings and 
exhibitions were held by Npower and the local authorities (the western half of the site falls 
within the Bridgend Local Authority area, the eastern half within the jurisdiction of Rhondda 
Cynon Taf Local Authority) in November and December 2004 which were designed to allow 
the public to view and discuss the plans. Several of these events were attended by the author 
and feedback from members of the public who also attended suggested that there were a 
number of local people opposed to the Pant-y-wal plans.
In addition to overwhelming concerns over the impact of the turbines on the visual amenity of 
the landscape, especially the cumulative impact of the Pant-y-wal site combined with the 
existing Taff Ely site, worries over the effects on house prices, subsidence, noise and 
construction traffic issues were also voiced. Another overarching concern which was 
frequently expressed was the feeling that the developers and planners saw the area as an 'easy 
touch' due to the levels of socio-economic deprivation in the area, and therefore a community 
that was less likely to generate organised and effective opposition to wind farm proposals.
A scoping study carried out by Npower Renewables in 2005 to gauge local reaction to the 
Pant-y-wal scheme (Jackson, 2005) noted that Gilfach Goch is the fifty-third most deprived 
ward, out of 865, in Wales. It is beyond the scope of this thesis to discuss in detail the 
multitude of issues involved in understanding public attitudes towards wind farms in this area.
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This research is more focussed on the reaction to Internet-based approaches for increasing the 
quality of information dissemination and public participation in the planning process. 
However, it is clear that there were strongly held views amongst some groups of residents 
which meant people would possibly be more willing to participate in this research. The 
scoping study looks at such issues in more detail, and describes how one of the main factors 
influencing local attitudes towards wind farm development in the area is the history of the 
impact of heavy industry on the visual amenity of the landscape (Jackson, 2005).
In 2006 the Pant-y-wal application was rejected due to negative public feedback, mainly 
regarding landscape and visual impacts, generated at the public meetings and exhibitions. In 
response, Npower submitted another application for a scaled-down wind farm on the same 
site. The new proposal, renamed Fforch Nest Wind Farm, comprised 13 wind turbines, each 
135m high (Harrison, 2006). An article which appeared in the local newspaper, the 
Pontypridd and Llantrisant Observer, summarised the public reaction to the revised plans 
(Nowaczyk, 2006):
"Villagers have complained the latest move could see them encircled by 
windmills towering above mountainsides to the south, east and north west of the 
community and protest that it will ruin the landscape and their enjoyment of the 
countryside.
Npower's Bethan Thomas said: The Fforch Nest site is ideal for designing a 
powerful wind farm that's environmentally-friendly and which should be capable 
of generating enough electricity to meet the average electricity needs of up to 
20,100 homes. The site is well spaced from surrounding homes allowing us to 
design a wind farm with minimal visual influence on nearby towns and villages.
'We are very keen to get local residents from both areas involved and are 
proposing some innovative measures to facilitate good communication between 
ourselves and local people.' The firm will be posting over 5,000 newsletters to 
local residents and holding further public exhibitions with local residents, 
including one at the Cambrian Hall in Gilfach Goch from 2pm-6pm on September 
13."
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Due to the contested nature of the planning application, it was decided that the Fforch Nest 
application provided a good case study on which to base the Internet survey. It was a 'real' 
planning application, the author was familiar with the area and it was clearly a highly 
contentious and well-publicised issue locally. Also, with a combined local population of 
5,000 it was thought that the three villages in close proximity to the wind farm (Evanstown, 
Hendreforgan and Gilfach Goch) would generate a suitable number of 'public' survey 
respondents. Importantly, there was also a broadband Internet connection in this area 
(Network Links Ltd, 2005), although the exact number of residents that were connected was 
unknown.
Within this locality, the exact extent of the study area in which visualisations and landscape 
models would be produced was provisionally designated as 24km2 including the proposed 
wind farm site in the north east corner and the three villages in the south west corner, thus 
encompassing the whole of the upper Ogwr Fach valley and much of the surrounding high 
ground and ridges (Figure 4.3). As discussed in Chapter 2, a typical study area for a wind 
farm Landscape and Visual Impact assessment is in the region of 1250km2 (20km radius from 
the wind farm). As the author was working independently it was decided that creating maps 
and visualisations for such a wide area would be impractical, especially when it came to 
producing computer-based landscape visualisations.
The idea would be to concentrate on the immediate area surrounding the proposed wind farm 
which included the villages of Evanstown, Hendreforgan and Gilfach Goch. This would be a 
much more manageable approach and it was thought that the results would still be relevant for 
much larger study areas; also the objective of the research was to evaluate different 
visualisation formats, not to try and replicate an official landscape and visual impact 
assessment. It would be important to stress this fact in the Web survey to ensure that 
participants understood the independence of the research from such official assessments.
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4.3.2 Preliminary Survey Design
Before any development work on the Web survey could begin, it was necessary to produce a 
preliminary design of the Web survey that would be useful for the designing and 
programming of the website during the Production phase of the project. In addition to the 
general structure of the site, the content including page layout, general text, map/tool 
interfaces, survey questions and specific website functions were provisionally designed. The 
57-page Web survey design document is available in hard copy from the author. This 
document was regularly updated and reviewed as the project progressed. Figure 4.4 shows 
the general structure of the site as designed during this phase. The survey was split into four 
main parts; introduction, gathering of participants' socio-demographic information, evaluation 
of the visualisation tools and participation-related questions. Before each of these is discussed 
it is worth mentioning that research literature relating to the use of Web surveys in academic 
research was consulted in order to aid with the design of the survey. Previous research into 
good practice principles and standards for implementing Web surveys (for example Reips, 
2002; Dillman et al., 1998) helped identify certain design features that have been proven 
useful for implementing successful Web surveys, for example:
• Linear survey format - increases the likelihood of participants completing all of the 
questions as each page must be visited in order to complete the survey. Also shown to 
decrease the overall number of drop-outs
• Progress indicator. Progress bars have been found to be important for showing 
respondents how much of the survey they have completed and reduces the chances of 
drop-outs.
• Multiple-log-in capability. The ability for respondents to complete a survey over 
multiple sessions has been shown to increase completion rates, particularly in long 
surveys.
• Secure log-in - increases the validity of responses and in the case of this project was 
also a necessity due to OS data copyright regulations.
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3DLV - still images
3DLV - animations
3DLV - 3D model
FINISH
Internet LVIA & PPGIS questions
Assessing potential for increasing participation
Reaction to traditional and Internet-based approaches
Advantages/disadvantages of Internet approach
Figure 4.4 Simplified survey structure
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4.3.2.1 Survey Introduction
The purpose of the survey introduction was to briefly introduce the participant to the 
background of the research (wind farm planning, landscape and visual impacts, public 
participation) and the project study area. The introduction page would also require log-in 
controls to allow secure access to the rest of the survey, and carry information relating to any 
technical issues (i.e. Windows-only compatibility).
4.3.2.2 Participant Background Information
As discussed in Chapter 3, research has found that information relating to the socio- 
demographic background of participants in landscape visualisation evaluation studies (for 
example Lange, 2001) and PPGIS projects with a planning element (for example Carver et al., 
2001) to be useful for explaining differences in responses and for supporting the validity of 
the experiments. Background information on the participants was also thought essential for 
supporting the mixed quantitative/qualitative approach to the evaluation and analysis that was 
adopted in this study. Previous studies have drawn attention to the type of respondent 
characteristics that could impact on the findings. Some of these were incorporated into this 
study together with additional characteristics relevant to this particular project. The following 
participant characteristics were therefore included in the Web survey (In accordance with 
University data protection regulations, personal details such as names and addresses were not 
requested):
1. Group Type
Survey participants from a number of distinct groups were targeted in this research. In 
addition to the obvious inclusion of members of the general public in the survey, it was also 
decided to include other relevant 'expert' groups so that differences in responses between 
such groups could be analysed to highlight different facets of the online visualisation tool and 
participation evaluation. For example, it was thought that professionals engaged in LVIA of 
wind farms would comment more on the technical aspects and uncertainties of the 
visualisation tools than members of the public who would evaluate them on more of a
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layman's level, thereby potentially offering a comprehensive all-round evaluation. The 
following groups were identified for inclusion in the survey (shortened group codes in bold):
• Academic - Professional researchers in relevant fields such as PPGIS and the 
application of landscape visualisation in public participation and environmental 
planning scenarios.
• LVIA - Wind farm developers and experts and professionals directly involved in 
preparing LVIA material for use in wind farm planning applications and public 
consultation scenarios
• Gov - Local and government planning officers and related planning officials.
• Public - Members of the general public.
• Student - A cohort of geography and GIS students from the University of Glamorgan.
2. Age
Computers and the Internet might still be regarded the domain of the young (ONS, 2007) and 
there are a greater proportion people from older groups that have had no experience at all of 
using a computer (Kingston, 2002b). Although this is likely to become less of an issue as 
more people become familiar with the use of ICT it was thought that there might be 
differences in responses that could be related to differences in age.
3. Occupation
Occupation type was thought to be another useful characteristic that might help to explain 
differences in responses. Excluding the expert groups it was expected that the majority of 
respondents in the Public groups would be those in professional and managerial occupations 
as experienced in previous PPGIS studies in the UK (for example Carver et al. 2001).
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4. Experience of Using Computers and the Internet
It was hypothesised that the level of participants' IT experience might have had an impact on 
their responses. For example, Appleton and Lovett (2003), found that respondents with little 
or no familiarity with computer graphics tended to rate computer-generated images lower than 
those who said they were more familiar (in an evaluation of the realism of computer- 
generated landscape visualisations). It was thought that those less familiar with IT would 
perhaps rate the potential of the Internet as a means of increasing participation lower then 
those who were more experienced.
5. Familiarity -with Study Area Landscape
Previous studies that have evaluated computer-generated landscapes against 'reality' have 
found that a participant's familiarity with the study area might have a bearing on their 
cognitive responses to such images (Lange, 2001). This characteristic was included in the 
research in order to determine if similar responses might be observed.
6. Study Area Residency
In a similar way to landscape familiarity, Lange (2001) showed that 'locals' (i.e. those that 
live within the study area) can often respond differently to 'non-locals' when evaluating 
computer-based landscape visualisations. Appleton and Lovett (2003) did not include local 
and non-local groups in their research but suggested than an analysis of the differences in 
responses to landscape visualisations between such groups would be useful in further 
research. It was also thought necessary to ascertain how long locals had been resident in the 
study area to examine any relationships that might have existed between the responses and 
duration of study area residency.
7. Public Wind Farm Meetings/Exhibitions Attended
It was thought important to distinguish between those participants that had previously 
attended a public wind farm planning meeting/exhibition and those that had not attended so 
that it would be possible to collect opinions on the advantages and disadvantages of such 
approaches when compared to Internet-based methods of LVIA information dissemination.
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As discussed previously there is a paucity of research focused on comparing responses from 
meeting and Internet-based visualisation approaches in landscape planning. It was thought 
that some respondents, particularly those in the LVIA respondent group would have useful 
and insightful points of view in this regard.
8. View on development of onshore wind farms
Due to the highly contentious nature of wind farm planning, it was thought that a respondent's 
general view on the development of a wind farm might be a useful characteristic to include in 
the analysis. This could examine the hypothesis that strong opinion either in support of, or 
against, the development of onshore turbines may have an impact on the responses when 
evaluating the visualisation tools or during the evaluation of online approaches for increasing 
participation.
4.3.2.3 Visualisation Tool Evaluation
Once participants had logged-on and entered their background information it was planned that 
the survey would move on to the visualisation tool evaluation stage. As specified earlier the 
visualisation tools chosen for evaluation (in order of their evaluation in the survey) were:
1. ZTVMap
Rather than use a static map, it was thought that the ZTV map should be served over the 
Internet using an Internet Map Server (IMS) to provide dynamic mapping. This would allow 
users to zoom and move the map to find areas of interest to them and it also meant that 
different scales of base mapping could be used depending on the level of zoom that was set. 
Also users could choose to switch the display of the ZTV layer on and off to allow a better 
view of the underlying map as required. A static map would be little different from those 
displayed at meetings and it was thought this added interactivity was important for 
highlighting the advantages of disseminating ZTV maps via the Internet. By evaluating the 
ZTV map first, it was thought that users would gain familiarity with the interactive Web maps 
that would be used to deliver most of the subsequent visualisations. As mentioned previously,
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strictly speaking ZTV maps are quantitative tools that measure potential visibility rather than 
potential landscape and visual impacts and should be used in conjunction with photomontages 
and wireframes for better understanding. However, experience of attending public meetings 
where ZTV maps of planned wind farms have been displayed suggests that ZTV maps are 
often presented as part of a landscape and visual impact assessment without explanation of the 
differences between visibility and landscape/visual impacts being explained and are often 
used as stand-alone tools without accompanying wireframes and photomontages. It was 
thought that including ZTV maps in the survey would be useful in order to evaluate the 
different responses between LVIA professionals and the public in this regard.
2. Wireframe Diagrams
As with the remaining visualisations, with the exception of the 3D model, it was decided to 
deliver the wireframe diagrams as georeferenced images, linked to an interactive Web map 
with similar design features to that used to deliver the ZTV map. Appleton (2003) found that 
maps were important to enable survey participants to locate viewpoints when evaluating 
landscape visualisations. Also, it was thought necessary to design an alternative way of 
accessing the visualisation, perhaps based on textual descriptions of the locations of the 
viewpoints, for those that were not comfortable with using the map-based approach. Good 
practice guidelines relating to the presentation of LVIA material suggest that wireframes and 
photomontages should be presented together to increase understanding of a proposal (SNH, 
2006). However, for this research a decision was taken to evaluate the two types of 
visualisations separately.
As discussed previously, prior experience of attending public wind farm planning meetings 
and exhibitions in South Wales had shown that wireframes and photomontages can be 
presented individually at such events and the decision to evaluate them separately in this 
survey was taken to reflect this. Also, recent public consultation Websites, such as the Maerdy 
Wind Farm Website (REP, 2006), have provided the facility for users to request individual 
wireframe diagrams from their own home (using house number/postcode text input), and 
planned developments other than wind farms are often visualised using only photomontages. 
Although it is recognised that in many cases photomontages and wireframes will be presented 
in accordance with good practice guidelines, if individual images are used in this way then it
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was felt that it would be useful to highlight the relative advantages and disadvantages of the 
two different visualisation tools by evaluating them separately. Indeed, the results of the 
survey showed that this approach was valuable for allowing survey participants to highlight 
the relative strengths and weaknesses of each tool (Chapter 7), although it must be borne in 
mind that visualisations combining photomontages and wireframes could be perceived 
differently to separate wireframes and photomontages.
3. Photomontages
Photomontages were planned to be delivered in the same way as wireframe diagrams, i.e. via 
interactive Web maps and/or links based on a textual description of the viewpoint. The 
methodology that was adopted for selecting the location and number of viewpoints for 
photomontages and their accompanying wireframe diagrams is discussed in the following 
chapter. For the reasons discussed previously, the photomontages were presented separately 
from wireframe diagrams.
4. 3D Still Images
Although these are in reality 2D images of a 3D digital landscape model, they are referred to 
as '3D stills' for brevity in the rest of this thesis. The potential to produce 3D still views from 
a large amount of viewpoints throughout the study area meant that many more 3D stills than 
photomontages were likely to be produced. These would also be served via an interactive map 
and/or textual links. It was thought sensible for participants to evaluate the LV-based 
visualisations after the traditional tools with which participants might be more familiar. The 
LV-based tools were then evaluated in order of their perceived complexity/sophistication.
5. 3D Animations
The 3D animations were also designed to be served on the Internet using the interactive 
map/textual link methods. As with the previous visualisations the exact viewpoints, or in this 
case animation paths, would be determined at a later stage. Like the 3D still images, it was 
thought that there would be an opportunity for creating numerous animations from a 3D 
model of the study area. The precise format and size of the animation files would be
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determined when there had been an opportunity to experiment with the LV software acquired 
for the project.
6. Interactive 3D model
For clarity and brevity, the interactive or real-time 3D model is referred to as '3D model' in 
the remainder of this thesis. Unlike the previous tools, the 3D model was not envisaged to be 
delivered via Web maps but downloaded and opened locally on a participant's computer. It 
was thought that creating a suitably detailed interactive 3D model that could be quickly 
downloaded and easily run on a participant's computer would be innovative from a 
participant's viewpoint and would present an interesting technical challenge.
4.3.2.4 Tool Evaluation Questions
Each tool was to be evaluated in turn in keeping with the philosophy of designing a linear 
survey where the participant is taken on a pre-defined route through the questionnaire. A 
general overview of the evaluation process for each tool is outlined in Figure 4.5 where each 
main step in the diagram is a separate Web page. First the participant is given background 
information on the particular visualisation tool and is shown instructions for its use, then on 
the following page the user is able to use a map or textual link to access the tool or in the case 
of the 3D model, a link to download it. On the final page the participant provides answers to 


















Figure 4.5 Visualisation tool evaluation structure
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The questions for each tool were identical so that they could be directly compared and were 
chosen to reflect the objectives of the research and relevant themes that emerged from a 
review of the literature. As discussed in Section 4.3.2.6, a mixed quantitative and qualitative 
approach was employed in this evaluation whereby a participant could submit a score for each 
of the questions based on a semantic difference scale of 1-5 but would also be encouraged to 
expand on their answers by submitting a free-text response into a comment box. Therefore, 
the methodology adopted in this study was to conduct some relatively straightforward 
quantitative analysis that would be supported by qualitative analysis in the form of 
respondents' background information and free-text comments that would help explain trends 
and differences in the responses. Four questions were planned for the visualisation tool 
evaluation based on the following themes:
1. Clarity of Understanding/Interpretation
Participants would first be asked to rate the visualisation tools on how clearly they understood 
what the tool was trying to communicate. As mentioned earlier, previous research has 
suggested that 2D maps are generally less-well understood than images derived from real or 
computer generated 3D landscapes (Bishop, 1994), and it was thought that the responses 
might help to explore differences in understanding between the ZTV maps and the other '3D' 
visualisations and also determine if there were differences in understanding between 
photomontages and LV-based visualisations. In addition to clarity of 
understanding/interpretation of the visualisations themselves, it was thought that respondents 
might also provide feedback to this question on issues relating to the user-friendliness of the 
website tools used to access them and thus provide useful responses relating to usability 
issues that have been identified as important factors for the successful future implementation 
of such interfaces (for example MacEachren and Kraak, 2001). In terms of usability feedback 
it was envisaged that some participants might struggle with understanding how to use the 
interactive mapping tools and 3D model navigation controls. Such information would also be 
useful for the overall evaluation of the Web survey.
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2. Effectiveness for Showing Landscape Impacts
As discussed in Chapter 1, landscape impacts for the purposes of this study referred to the 
impacts on the visual character of the landscape. Participants would be asked how effective 
they felt each tool was for assessing the changes in the visual character of the overall 
landscape in the study area. As with all of the visualisation tool evaluation questions, 
participants would rank each tool on a scale of 1-5 and be encouraged to support their answers 
with free-text comments.
3. Effectiveness for Showing Visual Impacts
Participants would then be asked to rate the visualisation tools on their effectiveness for 
showing the direct visual impact of the proposed wind farms from specific locations in the 
study area (i.e. how well it shows the proposed wind farm from different viewpoints).
4. Perceived Accuracy
In addition to assessing the tools' effectiveness for showing landscape and visual impacts, it 
was decided to include an evaluation question to ascertain the participants' level of 
confidence and awareness of uncertainty with the different tools, which in this case was 
expressed in terms of the perceived level of accuracy of the visualisations. Though the level 
of realism of visualisations as 'real' landscape surrogates has been investigated in previous 
research (for example Appleton and Lovett 2005; Lange, 2001) the term 'realism' was 
avoided in this case as the question had to make sense when applied to all of the visualisation 
tools, including the ZTV map. While 'realism' might be applicable to the majority of the tools 
that attempt to depict an actual landscape scene, assessing the level of realism was thought 
less relevant and potentially confusing when applied to a 2D ZTV map, whereas 'accuracy' 
could be meaningfully applied to all tools as a way of gauging participants awareness of 
uncertainty. Also it was thought that the term 'uncertainty' would not be meaningful to non- 
landscape/GIS professionals. In addition to acting as an assessment of the validity of the tools, 
accuracy, as a function of realism along with level of detail (Appleton and Lovett, 2005), may 
also be understood as "the 'impression of realism' as conveyed by the simulations" (see also 
Lange, 2001). However, it was likely that the preceding tool evaluation questions regarding
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visual landscape character and visual impact evaluations would elicit many responses 
regarding the perceptions of realism.
It was acknowledged that this question might seem ambiguous to some of the respondents, 
but it was thought that it would provide useful feedback that might help to determine:
• The level of awareness amongst public respondents regarding the uncertainly in the 
visualisations. Do members of the lay-public question the validity and accuracy of the 
tools or do they accept them at face value?
• The differences in the perception of accuracy between public respondents and 
'landscape professionals' (i.e. respondents in the Academic, LVIA and Gov groups)
4.3.2.5 Internet-based LVTA and Public Participation Questions
The final part of the survey was intended as a single Web-page containing several questions 
designed to gauge the participants' views on the potential of participatory planning websites 
based on Internet-based visualisations for enhancing public participation in wind farm 
planning. A similar quantitative/qualitative approach to the tool evaluation questions was 
planned using a mix of closed-ended and open-ended response types. This set of questions is 
referred to collectively as the 'participation questions' in the remainder of this thesis. The 
questions were designed to evaluate the:
1. Willingness to participate via the Internet
This question was designed to determine how many of the participants would be prepared to 
share their views on an official planning website where LVIA tools were used as the basis for 
exploring a wind farm proposal. The discussion on PPGIS in Chapter 2 suggested that there 
was great potential for participation via the Internet but some studies highlighted an 
unwillingness for citizens to participate in this way (for example von Haaren et al., 2006). 
There was a need to update these findings in a UK wind farm planning context.
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2. Potential for Increasing Public Participation
A question was included to ascertain if participants would be more or less likely to participate 
in the wind farm planning process if official LVIA material such as that shown in the Web 
survey was made available for a planning application.
3. Traditional meeting-based and Internet-based LVIA tools
It was thought important to include a question that would allow those participants that had 
previous experience of attending public wind farm meetings/exhibitions to give feedback on 
their comparison of the LVIA material at such events to the Internet-based tools they had been 
using in the Web survey.
4. Potential for Improving Public Participation
In addition to increasing public participation a question was included to ascertain participants' 
views regarding whether they thought such Internet-based approaches could improve the 
quality of public participation in wind farm planning.
5. Advantages and Disadvantages of Internet-based Approaches for Engaging the Public in 
the Wind Farm Planning Process
The final question was designed with a free-text only response whereby participants could 
comment on what they felt were the relative advantages and disadvantages of Internet-based 
participation in planning.
4.3.2.6 Survey Methods and Analysis
The purpose of this section is to briefly consider some of the methods of data capture and 
analyses used in this research and explain the reasoning behind the choices made and the 
limitations of such approaches.
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Firstly, an appropriate scale was needed as the rating scale for the closed ended visualisation- 
tool evaluation questions in the Web survey. Two suitable scales were considered; the Likert 
scale and the semantic difference scale. In both cases an odd-numbered scale is used to 
capture the response of the respondent, which allows a neutral response. Strictly speaking, a 
Likert scale is used to assess the degree to which respondents rate their level of agreement 
with a statement, whereas a semantic difference scale involves presenting pairs of bipolar, or 
opposite, adjectives at either end of a series of scales to derive the attitude of the respondent 
to a question (Tullis and Albert, 2008). Five, seven and nine-point scales are typically used in 
Likert and semantic difference scales.
For this survey a five-point semantic difference scale was chosen. Five items, or 5 bipolar 
pairs of adjectives, have been proven to yield reliable findings, which highly correlate with 
alternative measures of the same attitude (Osgood et al., 1957). A limitation of this approach 
is that the properties of the level of measurements are unknown, and the soundest approach is 
therefore to treat is as an ordinal scale (Osgood et al., 1957). Also, a major limitation of 
applying this kind of closed-ended scale in this particular research is that perceptions of visual 
images of the landscape and attitudes towards wind farms are extremely subjective and this 
should be considered when interpreting the results of this research.
The quantitative five-point ordinal data extracted from the database of the responses to the 
semantic difference type questions was analysed by plotting the tabulated frequencies of the 
responses as histograms (See Chapter 7). The responses to the other closed-ended questions 
were also analysed and visualised in this manner. Also, the variance of the overall responses 
to each visualisation tool evaluation criteria was calculated and discussed in the visualisation 
tool evaluation results chapter (Chapter 7). Given the relatively low number of overall 
responses to the Web survey, further analysis using more sophisticated variance (e.g. 
restricted maximum likelihood) correlation and rank ordering techniques was thought to be 
unnecessary and a deeper investigation of the data was not required for this particular project. 
Indeed, the frequency and variance analyses provided ample findings for discussion in this 
thesis and there remains the option for further analysis in the future using the responses 
database if supplementary exploration of the data is desired for any follow-up work (See 
Section 10.5.1).
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Due to the limitations of using a five-point ranking scale and the inherent subjectivity 
involved in of evaluating the various visualisation tools, free-text questions were included to 
support and bolster the qualitative analysis based on the ordinal date derived from the closed- 
ended semantic difference questions used in the visualisation tool evaluation. This qualitative 
data was used to help explain some of the results and trends derived from quantitative analysis 
and provide an understanding of the reasoning behind the participants' closed ended 
responses. Previous research into the evaluation of realism of computer-based landscape 
visualisations found that while a quantitative approach was useful for identifying overall 
trends, the high variation in responses due to the inherent subjectivity of rating images was 
difficult to explain without further qualitative information relating to "...differences in 
personal opinion, or other background and attitude information" of the participants (Appleton 
and Lovett, 2003 p. 124). Therefore, a mixed-method approach was adopted.
Free-text questions were also used to allow participants to expand on their responses to the 
closed-ended, non-semantic difference questions they submitted in the Participation Questions 
section of the Web survey. The use of software such as Atlas.ti (Atlas.ti, 2009) and Nvivo and 
Xsight (QSR International, 2009) for organising and analysing the free-text response data was 
considered when the responses from the Web survey had been compiled. However, this type 
of software is normally employed for analysing large amounts of text and the relatively small 
number of brief responses in this survey meant that it was possible to easily identify themes 
and representative responses in the text without the use of such aids.
This section (4.3) has discussed the preliminary design of the Web survey and described the 
rationale behind the methodology adopted in the design of the questionnaire and the reasons 
for the inclusion of each question. The development of the website including the final design 
of the survey layout and questions, together with the descriptions of semantic difference scale 
values and closed-ended answers to questions is discussed in Chapter 6. The remaining 
sections in this chapter focus on the software and data acquisition tasks that made up the 
remainder of the Preparation phase of the methodology.
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4.3.3 Software Acquisition
It was clear from the requirements identified in the preliminary survey design, that this project 
would require the use of numerous pieces of software to create and integrate many different 
elements into a single Web application.
The main types of software required were identified as follows:
• GIS (spatial data storage, manipulation and presentation)
• Photomontage/wireframe diagram






ESRI's ArcGIS 9.1/2 (ESRI, 2008) was selected as the main GIS software for base map 
production (including ZTV analysis) and preparation and storage of data for further 
processing in visualisation and image processing packages. ArcGIS was chosen not only 
because of it's availability under academic licence but importantly ESRI raster and vector GIS 
data formats were compatible with the landscape visualisation software chosen for this project 
(see section 4.3.3.3). Other GIS software immediately available under academic licence 
included Maplnfo (Pitney Bowes, 2008) and IDRISI (Clark Labs, 2008), but these did not 
offer any immediate advantages over ArcGIS in terms of specific project requirements and 
their data formats were not as flexible as the ESRI formats in terms of compatibility with the 
landscape visualisation software.
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4.3.3.2 Photomontage/Wireframe Software
There are a number of software packages that have been created specifically for designing 
wind farms of which the most popular are Resoft's WindFarm (Resoft, 2008), Garrad 
Hassan's WindFarmer (Garrad Hassan, 2008) and EMD's WindPRO (EMD, 2008). In 
addition to wind farm design, wind resource calculation and turbine/layout optimisation, these 
packages provide add-on modules for creating planning-quality wind farm-specific 
photomontages and wireframe diagrams. There was already a licensed copy of Resoft 
WindFarm v.4 available at the University of Glamorgan and so this software was selected for 
creating the photomontages and wireframes used in this project.
4.3.3.3 Landscape Visualisation Software
The acquisition of LV software was the most time consuming part of the software acquisition 
process. A number of important criteria were identified with which to evaluate LV software. 
These included the ability to:
• Run on 'average' specification desktop PC and be Windows compatible.
• Import a wide range of projected spatial data. Much of the data would be pre- 
processed in GIS software as projected (UK National Grid) raster and vector GIS files. 
It was therefore important that such data could be used interchangeably between the 
GIS and LV software.
• Import a wide range of 3D model formats. The exact format of any additional 3D 
models required was unknown at an early stage so the software needed to be highly 
flexible in terms of 3D format compatibility.
• Export a landscape model as still images, animations and as a real-time interactive 3D 
model
• Produce high-quality photorealistic visualisation output.
• House a library of suitable 3D vegetation models and possibly 3D building models.
• Build landscape models and export outputs without the requirement for substantial 
amounts of additional post-processing software
• Be purchased within the limited research budget available to buy software and data.
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It is beyond the scope of this project to evaluate the different photorealistic LV software 
packages on the market today. As mentioned in Chapter 2, one of the most recent and 
complete evaluation of software for visualising photorealistic landscapes from GIS databases 
was conducted by Appleton (2003), who compared several software packages using a number 
of criteria including compatibility with GIS data, quality of outputs, complexity, hardware 
requirements, training and support, control over landscape elements and price (for further 
details see Appleton, 2003 p. 51-54). Her conclusion was that, although there is no 
"...universal landscape visualisation solution" (Appleton, 2003 p. 62) and there are many 
trade-offs necessary with each piece of software, "...of the programs considered, "WCS 
(World Construction Set) offers the greatest advantages in the shape of considerable control 
over the elements of a visualisation, the production of detailed images, and the relatively 
trouble-free import of GIS data."
Since this evaluation, Appleton notes, 3D Nature, the manufacturers of WCS, have released a 
new software package called Visual Nature Studio (VNS - see 3DNature, 2008) which offers 
greatly enhanced functionality, particularly for improving workflow with GIS databases. 
Schroth and Wissen (2003) also produced a useful report reviewing landscape visualisation 
software for the VisuLands EU project although this and the Appleton (2003) study are in 
urgent need of updating given the advances in computing and advances in the capability of 
desktop GIS visualisation add-ons. A useful resource with which to begin investigating the 
growing number of other LV software packages available today is the comprehensive and 
regularly-updated inventory of commercially available landscape/terrain visualisation 
software maintained by the US Army Corps of Engineers (US Army, 2008).
Appleton's research, though in need of updating, served as a useful basis on which to 
investigate VNS further. Knowing that she continues to work at the forefront in this area at 
UEA, Dr Appleton was contacted for further advice on LV software and VNS 2 in particular. 
Her response to a query on the merits of VNS2 for GIS-based landscape visualisation was as 
follows: (Appleton, 2005 - personal communication):
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"I still firmly believe it's the best available, both in terms of GIS data integration, 
and the capabilities in terms of realism and control of the visualisations. Two 
improvements over version one stand out: Firstly, scenarios, which provide a way 
of easily switching landscape features on and off to represent different scenarios 
(improves workflow rather than end results). Secondly, and I realise this is an 
add-on you may not be purchasing, but the real-time extension Scene Express 
adds real benefit in terms of being able to produce real-time output for desktop 
PCs."
As VNS2 met all of the criteria that were identified, VNS2 plus the Scene Express 
real-time 
add-on (for exporting interactive 3D models for VNS2) were acquired at this stag
e of the 
project. The only additional software required to create output from VNS was an a
nimation 
compiler. On the recommendation of 3D Nature staff, Apple's QuickTime Pr
o video 
processing software was acquired for this purpose (Apple, 2008).
4.3.3.4 3D Modelling Software
Though many 3DLV software packages (including VNS2) incorporate a 'ready-mad
e' library 
of models and images for representing surface features above the terrain, both na
tural and 
man-made, external 3D modelling software is often required to create the models rep
resenting 
these features. Whereas many species of trees and vegetation might be rep
resented 
convincingly using morphologically-similar models found in LV software model 
libraries, 
man-made structures, particularly buildings are more variable and distinctive and ca
n be less 
easy to represent using generic model libraries. During the later stages of the project 
when the 
landscape model was being produced in VNS2, Google Sketch-up (Google, 200
8c) was 
chosen as the 3D modelling software for this project due to it's low price, it's ability 
to export 
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4.3.3.5 Web Development Software
Integrated Development Environment (IDE) software for developing Web applications using 
Visual Basic.NET (VB.NET) language was required for the project. The software chosen was 
Microsoft's Visual Studio 2005 IDE software (Microsoft, 2008a), which allows programmers 
to develop websites in a number of languages including Visual Basic.NET and also has tools 
to build dynamic database-driven websites using Active Server Pages (ASP) technology on 
the .NET development framework (ASP.NET). Visual Studio 2005 was used for all Web 
development tasks and was freely available under academic licence. Other software 
considered included Macromedia Dream weaver (Macromedia, 2008).
4.3.3.6 Internet Mapping Software
ESRI's ArcIMS 9x (ESRI, 2008b) was chosen for delivering the interactive Web mapping, 
due to it's compatibility with the existing GIS software used on the project, ArcGIS, and it's 
availability under academic licence at the University. Crucially, ArcIMS was compatible with 
Web pages created using ASP.NET. There are a number of free open-source Web mapping 
software available (see GIS Lounge, 2008), and some commercial online map providers such 
as Google Maps (Google, 2008d) and Microsoft Virtual Earth (Microsoft, 2008b) allow their 
interactive mapping to be manipulated and embedded into any Web pages using their 
proprietary Application Programming Interfaces (APIs). Much of the open source Web 
mapping applications appear under-developed compared to commercial software and 
technical support and documentation appears fairly limited, although open source software is 
continually developing and improving and should be considered for Web mapping projects. It 
must be remembered that Ordnance Survey base mapping is likely to be more accurate, and 
its use therefore more defensible than Google/Microsoft mapping if a wind farm planning 
application was examined at a public enquiry.
The Google Maps/Virtual Earth approach was also shelved in favour of hosting maps on a 
secure dedicated ArcIMS map server at the University and having full control over the map 
content and display (explained more fully in the next chapter). ArcIMS was thought to be
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more flexible in that any form of map data could be displayed, although since completion of 
the website, both Google Maps and Virtual Earth now offer functionality that allows users to 
add their own GIS layers in addition to their respective proprietary base maps (see Chow, 
2008).
4.3.3.7 Database Software
A relational database management system (RDMS) was required to create and run a database 
to store participant's survey responses and manage certain other website functions (see 
Section 6.2). Microsoft's SQL Server 2005 software was chosen for this purpose (Microsoft, 
2008c). It was available under academic licence at the University and is well suited for 
providing databases for Web-based applications having features such as the ability to handle 
numerous concurrent users. Also, Visual Basic.NET is highly compatible with SQL Server 
databases and it can be used to connect to data sources and manipulate data for building Web 
applications.
4.3.3.8 Other Software
Aside from the main software, a few additional pieces of software were acquired for specific 
minor tasks as the project progressed. These are shown in the software summary table (Table 
4.1) and their use is described more fully in Chapter 5.
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4.3.4 Data Acquisition
The following data was identified as being required for producing the various elements 
comprising the Web survey. The chapter describes more fully how the data was used for 
producing maps and visualisations.
GIS Data
• Base mapping
• Digital terrain and surface models
• Remotely sensed imagery
• Wind farm layout data 
3D Data
• 3D building data
• 3D wind turbine data
4.3.4.1 Base Mapping
Raster and vector GIS base map data was required for producing both interactive and static 
Web maps and helping to produce the visualisations.
/. Raster Mapping
Ordnance Survey (OS) raster mapping at three different scales was downloaded from the 
Digimap Ordnance Survey Collection Web service (EDINA, 2008a) and used as the base 
mapping for the Web maps:
• 1:10000 scale. Detailed, shows individual buildings, street names, field boundaries etc 
(Ordnance Survey, 2008a).
• 1:25000 scale. Medium detail, some building generalisation, no street names, fence- 
line detail, contouring (Ordnance Survey, 2008b).
• 1:50000 scale. Less detail, buildings and roads generalised (Ordnance Survey, 2008c).
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2. Vector Mapping
• OS Strategi 1:250000 scale vector data was downloaded from Digimap and used as 
base mapping for the regional-scale study area maps (Ordnance Survey, 2008d).
• OS MasterMap Topographic data (OS MM Topo) was obtained from the Ordnance 
Survey External Research and University Liaison (OSERUL) unit (Ordnance Survey, 
2008e) and used for creating various aspects of the landscape model in VNS2. OSMM 
Topo has recently been made available for download via the Digimap service.
• Boundary data for Wales, used in the study area map was downloaded from EDINA's 
UKBORDERS Web service (EDINA, 2008b).
Much of the GIS data that was used in this project was OS data sourced under academic 
licence via the Digimap service or direct from the OS. Regardless of source, all OS data was 
subject to the same copyright restrictions as described in full on the Digimap website (see 
(Digimap, 2008c). Some of the main restrictions relevant to this study included:
• The website must not be open access but must be accessed by username and password 
for a limited number of people that can be monitored.
• Data images on the website should not exceed 200cm2 for each image.
• Appropriate acknowledgements must be placed on the website.
4.3.4.2 Digital Terrain and Surface Models (DTMs/DSMs)
A DTM was needed for representing the ground surface in the landscape model and for 
performing the viewshed analysis for the ZTV map. A DSM was required for calculating 
(with a DTM) building and vegetation heights for the landscape model.
Ordnance Survey's Landform Profile (Ordnance Survey, 2008f) and Landform Panorama 
(Ordnance Survey, 2008g) DTMs are available for download via Digimap but it was decided 
that higher resolution terrain data was required for this project. In a previous study, it was 
found that newer higher-resolution (and more accurate) DTMs and DSMs created using aerial
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remote-sensing techniques were more effective at representing the terrain for landscape 
modelling and produced more accurate ZTV maps (Berry, 2004). Thus, the following data 
was acquired for the project study area:
• Nextmap Britain DTM and DSM. Produced using airborne radar techniques, this data 
has a horizontal resolution of 5m and a vertical accuracy of+/- 1m and was purchased 
from Bluesky International (2008).
• LIDAR DSM/DTM. Produced using airborne laser techniques, this data has a 
horizontal resolution of 2m and a vertical accuracy of +/- 0.25m (Environment 
Agency, 2008). The Environment Agency offered four 4km2 DTM and DSM tiles to 
the project free of charge as part of their academic support policy. Tiles were chosen 
covering most of the built-up area in the study area in order that the DTM could be 
subtracted from the DSM to calculate building and vegetation heights for landscape 
modelling. Extra LIDAR tiles were considered too expensive and incomplete to justify 
purchasing.
n*1
Figure 4.6 0.25m resolution Ordnance Survey MasterMap aerial photography
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4.3.4.3 Remotely-Sensed Imagery
Aerial/satellite imagery was required as a ground cover drape layer for producing the 3D 
landscape model and for helping to create 3D surface features within the model. Although 
there are many sources and formats of aerial photography and satellite imagery available 
commercially (for example eMapSite, 2008; NPA Group, 2008), OS MasterMap aerial 
photography was provided freely for the study area through the OSERUL. The imagery has a 
resolution of 0.25m and was captured in July 2003 (Figure 4.6).
4.3.4.4 Wind Farm Layout Data
The layout (turbine coordinates) for the existing Taff Ely wind farm was digitised in ArcGIS 
from the OS 1:10000 scale colour raster. Originally, the layout of the proposed Fforch Nest 
Wind Farm was digitised from a scanned map found in the Fforch Nest ES, but this was 
eventually replaced by more accurate coordinates supplied by Npower Renewables (Thomas, 
2006).
4.3.4.5 3D Data
Whilst there are a wide range of commercial 2D spatial datasets available, there are no real 
equivalent datasets for representing geographic surface features such as buildings and 
vegetation in 3D landscape models. Some data vendors offer 3D building data, but this is 
either limited to landmark buildings in the main cities or buildings are modelled on a contract 
basis for specific projects. Usually, commercial 3D building data is crudely modelled by 
extruding 2D building outline polygons by a height value calculated using DTMs and DSMs 
(for example Cities Revealed, 2008). Such building data does not include roof structures and 
is mostly limited to large cities and was not available for the study area. Therefore the 3D 
buildings were modelled by the author in Google SketchUp and VNS2. 3D vegetation was 
modelled in VNS2 using the in-house model/image library and the 3D wind turbine modelling 
was outsourced to a professional 3D artist (described in Chapter 5).
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4.3.4.6 Terrestrial Photography
Photographs were required for producing the photomontages. These were acquired in the field 
by the author (Section 5.3). Table 4.2 summarises the main data acquired for this research.
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4.4 Summary
This chapter has discussed the work carried out in the Preparation stage of the Web survey 
methodology which represents the 'groundwork' that was necessary to successfully create and 
implement the Web survey. Section 4.1 stated the main aims of the Web survey based on the 
main findings derived from previous research and Section 4.2 provided a rationale for the use 
of a Web-based survey in relation to previous studies. The four main tasks comprising the 
preparation phase of the Web survey methodology namely, study area selection, preliminary 
survey design, software acquisition and data acquisition were discussed.
The selection of the study area was identified as an important factor in the implementation of 
a successful survey. It was argued that a contemporary and contentious 'real world' wind farm 
planning application in a relatively densely populated area would help to maximise the 
number and diversity of potential participants in the survey, and a suitable proposal was 
identified in the South Wales Valleys. The Preliminary Survey Design stage discussed design 
features identified in previous research for maximising the success of the Web surveys and 
outlined the structure of the survey. The four main stages of the survey (Introduction, 
collection of participant information, visualisation tool evaluation, and participation 
questions) were described in detail, including the description and justification of each survey 
question and the methodology behind the mixed quantitative/qualitative approach that was 
adopted for this study.
The software and data acquisition phases are often the most time-consuming of GIS-based 
projects and in this project the completion of these tasks required a significant investment of 
time and effort in the early stages. The objectives of the Web survey necessitated the 
acquisition and the use of over a dozen individual software packages to perform a wide range 
of computing tasks in the areas of: GIS, landscape visualisation, 3D modelling, wind farm 
analysis and design, image and video processing, Internet mapping, application and Web 
development and database management. In addition to choosing the most suitable software for 
each task, compatibility between different software types was also an important consideration. 
The identification, acquisition and creation of over a dozen datasets from many different 
sources, necessary for creating the maps and visualisations used in the project, also required a 
considerable amount of effort. The following chapter describes how the various datasets and
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software were combined to produce the visualisations presented in the Web survey and the 
production of the Web survey itself is reviewed in Chapter 6, including Internet map server 
development, description of the final survey design and pilot testing of the Web survey. The 
results of the Web survey are then discussed in Chapters 7 and 8 and Chapter 9 comprises a 
discussion of the survey results in the context of previous and future research and highlights 
some of the limitations and advantages of this approach.
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Chapter 5 - Web Survey Methodology Part 2: Producing 
the Visualisations
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5.1 Introduction
This chapter focuses on describing the work undertaken to produce the visualisation tools that 
were included for evaluation in the Web survey, a main task of the Production stage of the 








Due to the inherent subjectivity and complexity of creating landscape visualisations 
(particularly photomontages and LV), this chapter goes beyond a simple description of the 
workflow used for producing the outputs by drawing on an understanding and discussion of 
some of the key issues which help to support some of the decisions that were made in the 
production and modelling process.
The visualisations were based on the proposed Fforch Nest Wind Farm, as described in 
Section 4.3.1. One of the limitations of this study is that potential cumulative visual impacts 
were not modelled, despite the presence of an existing wind farm (Taff Ely Wind Farm - see 
Section 4.3.1) in the area. However, the scope of this research was restricted in the first 
instance to evaluating the various visualisation tools for assessing the potential landscape and 
visual impacts of a single wind farm. This decision was taken because modelling cumulative 
impacts would have necessitated a substantial increase in the size and number of 
visualisations required, and there was a limited amount of time in which to produce the 
visualisation tools evaluated in this research.
For example, 3D animations would have needed to be extended, substantially increasing the 
already lengthy render times. Similarly, the rendering time for each 3D still image would have 
been vastly increased as the field of view would have needed to be widened both vertically
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and horizontally (up to 360°). The effective delivery of the resulting panoramic images via a 
Web browser would also have added extra technical hurdles and increased the development 
time of the Web survey. Also, in order to include the Taff Ely site, the spatial extent of the 
interactive 3D model would have needed to be enlarged, adding considerably to file size and 
download times. In addition, this study is likely to represent the first phase of ongoing 
research focussed on the evaluation of visualisation tools for the landscape and visual impact 
assessment of wind farms. This work could therefore be extended in future to assess the 
effectiveness of Web-based LVIA tools for assessing cumulative landscape and visual 
impacts (see Section 10.4.2).
5.2 ZTV Map
As discussed previously two main ZTV calculations are commonly performed for wind farm 
LVIA based on the height of the turbine hub and height of the highest point of a turbine blade 
respectively. These two height values (included in the Fforch Nest Environmental Statement) 
were added to the vector point shapefile that was created in ArcGIS from the coordinates of 
the proposed Fforch Nest Wind Turbines. The base elevation of the turbine towers was 
interpolated from the DEM and a 'viewer' height of 2m was included in the calculation. The 
DEM used for the ZTV calculation was the 5m resolution NextMap RADAR DTM, although 
ZTV layers for 'real' wind farm assessments would be normally be computed (usually by 
consultants preparing the LVIAs for wind farm developers) using lower resolution (and 
significantly less expensive) 10m or even 50m Ordnance Survey DTMs. Five metre RADAR 
data was used in this study to reflect the fact that survey participants would be viewing the 
ZTV map layer at much finer spatial scales than would be possible with a paper-based map at 
a public wind farm meeting/exhibition. The ZTV calculations in this project were restricted to 
the size of the 24km2 study area. Two calculations were made in ArcGIS for turbine hub 
height (90m) and blade maximum blade tip height (135m) and the resulting ZTV layers were 
banded and coloured (see Figure 5.1). The incorporation of the ZTV layers into the final 
interactive online ZTV map is described in the next chapter.
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Gilfaeh/Gobh
Figure 5.1 1:10000 grey scale raster base map with banded ZTV overlay
5.3 Wireframe Diagrams and Photomontages
As wireframe diagrams are generated as part of the workflow for creating photomontages, this 
section covers the production of both visualisation tools. A simplified overview of the 
workflow is shown in Figure 5.2. The first task in the production of wireframes and 
otomontages was the selection of suitable viewpoints in the study area.
s with every stage of production, good practice guidelines were consulted when identifying 
and selecting viewpoints (SNH, 2006; LI-IEMA 2002). Although the wireframes and
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photomontages created in this project were not designed to act in support of an official wind 
farm LVIA, it was important that they resembled those that might appear in an official 
assessment in order that they could be fairly evaluated alongside the LV based tools. Good 
practice guidelines were useful for achieving this, hi particular, the guidance suggests that 
viewpoints should be selected to represent:
• A diverse number of views in the area
• A diverse number of viewers
• Important and relevant viewpoints (settlements, recreation/tourist routes/ hill tops etc)
In addition to representative viewpoints, guidance also suggests that specific viewpoints may 
also be selected based upon their importance as key viewpoints in the landscape as identified 
by local people and special interest groups. During this stage of the project a number of LVIA 
consultants were approached for advice on viewpoint selection and visualisation production in 
general but unfortunately none of those contacted were forthcoming with help. The official 
Fforch Nest Wind Farm ES shows wireframes and photomontages generated for 17 
viewpoints scattered over a large (20km radius) area surrounding the proposed site (Npower 
Renewables, 2006b).
Only one of the viewpoints falls within the study area of this project and is located in the 
centre of Gilfach Goch. This serves to highlight some of the criticisms that have been levelled 
at wind farm developers by some members of the public at wind farm planning meetings and 
exhibitions who have felt that there are simply not enough viewpoints in locations close to 
planned sites that might be most affected by a wind farm development. In the Fforch Nest 
Wind Farm case there is perhaps some justification for such criticism given that there is a 
single viewpoint in a town of 5,000 inhabitants that lies within 3km of the proposed site.
132
Chapter 5 - Web Survey Methodology Part 2: Producing the Visualisations
Identification of suitable viewpoints sites through field visits and map and ZTV analysis
Fieldwork - acquisition of raw photographs (and metadata)
Photograph evaluation and selection Photo stitching and re-projection in PTGui to produce panoramas
JPEG to BMP image format conversion 
(Adobe Photoshop) - export to WindFarm





Align photographs and 
wireframe
Exported Wireframe




GPS readings/viewpoint field 
notes
Wireframe






Figure 5.2 Workflow for producing wireframe diagrams and photomontages
The selection of viewpoints for this project was based good practice guidance and field 
experience of the study area and various informal consultations with local people carried out 
during the numerous visits made to the study area during this phase of the project, although it
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must be recognised that such recommendations could be biased. A selection of 25 initial 
viewpoints were selected in the study area based on representative and key views from urban 
and rural viewpoints such as main roads, public spaces, popular footpaths and residential 
areas. First attempts at creating 'practice' photomontages with snapshot photographs gave the 
author an idea of the time and effort involved in producing a photomontage and this led to the 
original selection of 25 photomontages being reduced to 12.
Although an experienced landscape architect/planner would be able to create photomontages 
more quickly, on average it took the author up to three days to produce a single 
photomontage, including time spent in the field acquiring the images. It was therefore decided 
to reduce the number of planned photomontages to a more manageable number given the time 
constraints of the project. It was also felt that the aim of the exercise was to judge the 
appropriateness of photomontages as a technique rather than achieve a complete coverage of 
viewpoints and viewpoints were chosen based on the best overall representation of views 
within the study area.
Having identified suitable sites, further visits to the study area were made to gather the 
photographs for use in the photomontages. This fieldwork was conducted over a period of 
four weeks during May/June 2007. In line with good practice guidance (LI-IEMA, 2002), a 
tripod-mounted 35mm single-lens reflex (SLR) camera with a 50mm focal length lens (which 
best represents what the human eye sees) using ISO 100 and 200 film speeds was used to 
capture the photographs. The location of the viewpoints was determined precisely using a 
global positioning system (GPS) unit and this and other relevant viewpoint information was 
recorded on a viewpoint information sheet (Figure 5.3). Weather conditions during this period 
were poor and there were more photographs taken in dull conditions than would have been 
ideal.
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Figure 5.3 Recording GPS readings at an upland viewpoint
On completion of the fieldwork, the negatives were processed and the p
hotographs were 
scanned and digitised. Panoramic photomontages were pre-planned for cert
ain viewpoints so 
that more of the landscape could be shown in areas where there were more 
open views. This 
involves taking multiple photographs at the viewpoint and then stitching 
them together to 
form a single panorama. SNH guidance on the stitching of photographs sug
gests that the best 
results are achieved by stitching them manually as opposed to using stitchi
ng tools in image 
processing software. While this was found to be the case when usin
g general image 
processing software such as Adobe Photoshop (Adobe, 2008), the best resu
lts were achieved 
using PTgui, a dedicated professional panoramic stitching software (New
 House Software, 
2008), a demo version of which was purchased on the advice of a numbe
r of professional 
photographers posted on International Association of Panoramic Photogra
phers Web forum 
(IAPP, 2008). PTgui was found to match the photographs far more effecti
vely than manual 
stitching whilst maintaining the correct geometry of the images.
The next stage of the wireframe and photomontage production was c
arried out using 
WindFarm 3.1 software. A wind turbine layout file was created using the 
coordinates of the 
proposed Fforch Nest turbines and a viewpoint file was created for each vi
ewpoint using the 
GPS readings recorded in the field. An Ordnance Survey 1:25000 colour ra
ster base map was 
imported into WindFarm and used to verify the viewpoint locations. A w
ind turbine model
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was chosen from the WindFarm model library and was edited to match the specifications of 
the Fforch Nest turbines as shown in the Npower Environmental Statement (Npower 
Renewables, 2006b). Wireframe 'views' for each viewpoint were then generated in 
WindFarm using this data and supplementary information collected for each viewpoint in the 
field, such as direction of view, angle of view, field of view etc.
The viewpoint photographs (including panoramas) were then imported into the Photomontage 
module in WindFarm. The wireframe diagrams were precisely matched to each corresponding 
photograph and a photomontage with accurately scaled and positioned turbines was rendered 
for each view. Manual adjustments such as turbine lighting and colouring and blade angles 
and orientation were then made for each photomontage before the final wireframes and 
photomontages were exported from WindFarm as Bitmap image files. Note that the 
orientation of the turbines was set to match the prevailing (South-westerly) wind in all of the 
visualisations created in this project so that they could be compared more directly.
The final stage of the workflow involved post-processing of the wireframes and 
photomontages in Adobe Photoshop. The wireframes were converted from Bitmap files of 
around 800 KB in size to more Web-friendly GIF images of around 30KB in size (96 dpi - 
maximum screen resolution of average desktop PC monitor). The photomontages required 
more involved processing including the use of image processing tools to 'cut-out' sections of 
turbines that should have been concealed by foreground features and the use of blurring 
techniques to merge the bases of the turbines into the terrain to achieve a more realistic look. 
The final Bitmap photomontages (approx 8MB) were then exported as compressed JPEG 
(approx. 0.2MB) images for display on the Web. Examples of the final wireframes and 
photomontages produced are shown in Figure 5.4 and Figure 5.5.
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Figure 5.4 Wireframe diagram
Figure 5.5 Panoramic photomontage
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5.4 GIS-based Landscape Visualisations
This section is split into two parts. The Modelling section (Section 5.4.1) focuses on 
reviewing the production of the various elements that made up the final completed landscape 
model of the study area and proposed wind farm (terrain, turbine models buildings, vegetation 
etc.) and the Outputs section (Section 5.4.2) describes how the different output formats used 
to visualise the model (still images, animations and interactive 3D model) were created.
As mentioned previously, there are no good practice guidelines for the production of digital 
landscape models, although there have been useful recommendations made by some 
researchers working with LV in planning/impact assessment scenarios (for example Appleton, 
2003; Appleton and Lovett, 2005). Hill and Lindner (2005), for example offered a very 
generalised and generic but nevertheless useful workflow for creating landscape visualisations 
and emphasised the identification of purpose and the intended audience when embarking on 
creating a landscape model (see also Williams et al., 2007). Generating photorealistic 
landscape models from GIS databases is a relatively new phenomenon and there is a variety 
of software and data types and diversity of applications areas in which LV can potentially be 
applied. As Hill and Lindner (2005 p. 2) stated, there remains a "...lack of scientific studies 
about the perception of 3D visualisations and the resulting requirement for 3D visualisations". 
In their paper, Hill and Lindner (2005) recommended an approach to LV modelling based on 
the so-called Lasswell Formula of communication science which states "Who (says) What 
(to) Whom (in) What Channel (with) What Effect" (Lasswell, 1948 quoted from Hill and 
Lindner, 2005 p. 7), which they purport to be useful for identifying the purpose of the model 
for both the modeller and intended audience alike. This approach applied to the LV produced 
in this project can be summarised as follows:
• Who? The landscape visualisations were created by an academic researcher.
• What? The landscape model was created in order to evaluate this method of 
visualising potential landscape and visual impacts alongside other traditional methods. 
The model was restricted to the study area as shown in Figure 4.3 and was to be 
modelled to the highest level of detail possible given time/resource constraints.
• To whom? The intended audience in this case was diverse and included landscape 
professionals and academics as well as members of the public.
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• In which channel? The landscape model was delivered via the Internet in still, 
animated and interactive digital formats.
• With what effect? Evaluation of the visualisations and assessment of their potential 
for increasing participation in wind farm planning when delivered via the Internet.
With the recommendations from previous studies and the aims of the project in mind, the 
approach taken to modelling in this study was not to create a highly realistic landscape model 
of the study area but to create the most detailed and objective visualisations possible within 
the constraints imposed by: t
• Time





• Internet (bandwidth/display restrictions dictating quality/quantity of output)
A simplified overview of the workflow used for creating the landscape visualisations 
described in the remainder of this chapter, from data preparation in ArcGIS to the rendering 
of final outputs in VNS, is shown in Figure 5.7 (overleaf). Figure 5.6 (below) shows a key for 
use with the main workflow diagram.
Geographic Data _ 10 _ . Non-Geographic Non-geographic 
Type J [ GIS Data J [ DataType J [ Data
\ 
VNS Component Process I Final OutputjFi
Figure 5.6 Key for Visual Nature Studio flow diagram (Figure 5.7)
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Figure 5.7 LV modelling workflow in ArcGIS 9.2 and VNS2
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5.4.1 Landscape Modelling
This section explains the methodology behind the production of the main elements that made 
up the landscape model of the study area from which the final LV output formats (still 
images, animations and real-time model) were rendered. Ervin (2001 p. 50) stated that 
"...landscapes can be understood as usually being composed of six essential elements." These 
are:
• Landform (terrain + texture)




• Animals (including people)
5.4.1.1 Landform (Terrain)
All DTM and DSM terrain data tiles were first mosaicked and clipped to the extent of the 
study area in ArcGIS. The RADAR and LIDAR DTMs (ESRI GRID format) were then 
imported into VNS and merged together using the DEM Merger tool (Note that all of the data 
imported into VNS was projected using the UK National Grid coordinate system). As the 
LIDAR coverage of the study area was incomplete (see Figure 5.8), the effect of this was that 
the LIDAR DTM became a 'high-resolution insert' within the surrounding 5m DTM, the 
boundaries between the two data types being seamlessly interpolated by the DEM Merger 
algorithm in VNS2. This produced the highest-possible resolution terrain surface with the 
available data. Enough 5m RADAR data was purchased at the beginning of the project to 
allow all of the terrain within a 20km radius of the proposed wind farm site to be modelled, 
but it was soon realised that such high detail was not necessary outside of the immediate study 
area as it did not impact on landscape character or 'views' from within the study area itself 
but it did impact severely on rendering times for still images and animations.
Thus, all of the available 5m RADAR data was imported into VNS2 but down-sampled to a 
resolution of 25m so that the merged 2m LIDAR/5m RADAR data for the study area became
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a 'high-resolution insert' within the 25m resolution DTM covering a wide area around the 
study area. During the building of the model it was found that in testing of rendering still 
images, the 25m terrain gave a good impression of distant background terrain but did not 
significantly affect rendering times. The DSMs were not used directly to represent terrain 
surface but were used for calculating the heights of surface features such as buildings and 
vegetation, as described later. Note that there was only one small section of urban area within 
the study area that did not have LIDAR data coverage (Figure 5.8). Several minor no-data 
'holes' found in the 5m RADAR data were repaired using the DEM Painter tool in VNS2.
•-4* i'O V ^m •••'Myriydd, °7**&-^.. •OW-f^'-"""
M.
Figure 5.8 Extent of 2m LIDAR coverage in the study area. Area with buildings not covered by LIDAR 
highlighted.
Terrain Texture (Aerial Image Drape)
The 25cm resolution 1km2 aerial photograph tiles supplied by the Ordnance Survey were first 
mosaicked into a single more manageable TIFF tile using ArcGIS Image Analyst, clipped to 
the extent of the study area and imported into VNS2. The 25cm imagery was down sampled 
to a resolution of 10m for use as an image drape on the lower resolution terrain outside of the
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immediate study area to improve rendering times whilst maintaining enough detail to give a 
good impression of background landscape. Although VNS should in theory handle any format 
and size of data, in this case the TIFF files caused memory problems in VNS which were 
resolved by converting the TIFFs to smaller ECW format files using a trial version of ER 
Mapper's Image Compressor software (EAME, 2008). The imagery was then 'draped' over 
the DEM in VNS2 to provide a geospecific texture/colour to the terrain. This imagery was 




As the focal point of the landscape model, it was important that the wind turbines were 
represented with realistic and accurate 3D models. Initially, an approach was made to Npower 
Renewables in order to ascertain the make and model of the proposed turbines in the hope that 
a ready-made 3D model could be sourced. However they replied that the contract for the 
manufacture of the turbines was still out to tender but the design has been finalised and there 
were 2D drawings available in the Environmental Statement which could be used as a basis 
for creating a 3D model (Figure 5.9). The form of the wind turbines, with tapering towers and 
complex blade construction make them difficult for a novice to model accurately and the 
requirement for the turbine models to be animated added a further layer of complexity to the 
build. Eventually the modelling of the turbines was outsourced to Adam Hauldren of Gecko 
Visualisation Services Ltd., who produced an accurate turbine model using Lightwave 3D 
modelling software (Newtek Inc., 2008). The model was comprised of three sub-models 
(tower, hub and blades) designed specifically for animation within VNS2. The turbine model 
was added to the VNS2 model library and assigned to the wind turbine layout GIS point 
vector file so that a wind turbine model would be rendered at each of the 13 turbine locations. 
Figure 5.10 shows the final turbine models rendered in VNS2.
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r RWE
Figure 5.9 2D Turbine drawings from the Fforch Nest ES (Npower Renewables, 2006)
Figure 5.10 Final 3D wind turbine model rendered in VNS2
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There was a lack of accurate information in the Fforch Nest ES regarding the specification of 
access roads and other constructions on the proposed site such as substations and power 
lines/pylons and so these features were not included in the model.
Buildings
As major elements of the built environment and surface structures that have a potentially 
significant influence on landscape and visual impacts, buildings were regarded as important 
features for inclusion in the landscape model of the study area. They are also important as 
they help to give the observer a sense of scale. Three-dimensional buildings for use in digital 
landscape models can be produced in three general ways; (i) manually, (ii) semi-automatically 
and (iii) automatically. The manual approach involves modelling the buildings 'by hand' in a 
dedicated 3D modelling software package and importing the 3D model into the landscape 
visualisation software. The semi-automated method uses building height information (often 
created from subtracting high-resolution DTMs from high-resolution DSMs to create a 
'difference' or surface feature height raster) and GIS vector polygon data describing building 
outlines or 'footprints'. The building footprints can then be 'extruded' by the defined height 
value assigned to each polygon to create the models. Although this is a relatively simple and 
quick way of creating 3D buildings, the resulting models are often very crude representations 
of the 'real-world' buildings as they lack proper roof morphology.
Roofs can be modelled by further processing and modelling of the data using 3D modelling 
software, although this would probably need to be done for each individual building making it 
an extremely laborious process. The automated generation of realistic 3D building models is 
still something of a 'Holy Grail' in the world of digital landscape modelling. With the advent 
of high-resolution remotely-sensed imagery and terrain/surface data (airborne and terrestrial) 
there has been increasing research into the use of these data for the automatic extraction of 3D 
building and roof models (for example Elaksher and Bethel, 2002; Huber et al., 2003; Tse et 
al., 2005). Such work however is still in the experimental stage and for the most part, 
effective building modelling for digital landscape visualisation is still reliant on manual or 
semi-automated approaches. Photogrammetric techniques can also be used to create 3D 
building models although this is an extremely time consuming task requiring a high degree of 
expertise.
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Both manual and semi-automatic techniques were employed in this project for modelling a 
total of 1580 individual buildings in the study area that required representation in 3D. While 
this number of buildings was far too great to consider modelling each one manually, it was 
thought that simply extruding all of the building polygons would be unsatisfactory and that an 
effort should be made to represent the buildings as realistically as possible within the limits 
imposed by time. An initial experiment was conducted whereby building footprints were 
extruded in ArcGIS (height based on 2m LIDAR 'difference' raster), exported to Google 
SketchUp for further modelling of roof lines and textures and then exported to VNS2 for 
rendering in the landscape model. Although the building models could be grouped in 
SketchUp so that any modifications that were made were applied to all of the selected 
buildings, it was a very time consuming operation and the results were thought to be 
unsatisfactory.
An alternative 'hybrid' approach, suggested by Adam Hauldren of 3D Nature, was to 
represent as many buildings as possible using a small number of generic 3D building models. 
On examination of the aerial photography, it was found that over 95% of the buildings in the 
study area were residential dwellings that could be reasonably well represented by a dozen or 
so generic building model types. The theory was that once created in Google SketchUp a 
building model could then be accurately located in the landscape model in VNS2 by assigning 
it to a building centroid (x,y point) and aligning it along its long axis by linking it to a 
polyline alignment vector. After some experimentation it was determined that this was 
probably the best method of creating most of the buildings, in terms of the trade-off between 
realism and available resources.
A total of 12 different generic building models (exported to VNS2 in 3DStudio format) were 
manually created in Google SketchUp comprising various types of detached, semi-detached 
and terraced houses. Using the zonal statistics function in ArcGIS, it was possible to calculate 
the mean average maximum heights for building footprints of the same generic building type 
from the 2m LIDAR and 5m DTMs/ DSMs and the OS MasterMap data. The heights for 
selected building types were ground-truthed in the field using a Leica DISTO laser distance 
meter (Leica Geosystems, 2008a) which was also used to calculate the heights of the roof 
gables where necessary. The data obtained from the distance meter suggested the accuracy of 
the LIDAR for determining building heights was in the region of+/- 0.25m.
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Figure 5.11 Generic 3D terraced house modelled in Google SketchUp
Figure 5.12 Terraced house model re-scaled and rendered in VNS2
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The building centroids used to position the 3D building models in VNS2 were initially 
computed in ArcGIS using OS MasterMap data, but it was found that digitising the centroids 
directly from the aerial photography was more suitable for placing the regularly-shaped 
generic building models. The centroids computed in ArcGIS were the result of the weighted 
average of x and y coordinates calculated for mostly irregularly shaped MasterMap building 
polygons and these were found to be more inconsistent than manually digitised points. 
Polyline alignment vectors were then digitised in VNS after the models had been added to the 
building centroids so that the models could be aligned precisely with the aerial photograph. 
While this was a fairly straightforward operation for the models of detached and semi­ 
detached houses with a uniform size, some extra work was required for producing models of 
terraced houses as the length of terraced rows varied. The workaround for this was to use just 
one generic terraced house model but to scale it along its y axis in VNS for each terraced row 
so that it matched the length of the actual terrace as shown by the aerial photography (Figure 
5.11 and Figure 5.12). There is some scope for automation of this process, particularly the 
generation of accurate centroids and alignment vectors.
Although this method of creating building models was probably the most effective for the 
purposes of this project, it is important to remain realistic and accept that they were still very 
abstract representation of the real-world buildings. However, as stated earlier, the aim of the 
research was not to create the most realistic models possible but to model the study area in the 
highest possible detail given the constraints of time and the objectives of the project. The aim 
of the research was to compare the visualisation techniques rather than to try and achieve the 
highest possible levels of realism in the model. Although the models lacked detailed features 
such as wall texture and colour and windows and the building outlines were generalised to 
four-sided rectangles, it was felt that they were superior to building models created by simple 
polygon extrusion methods. The remaining 5% of the buildings (approx. 70) that were not 
able to be represented by generic building models were generally larger individually-styled 
buildings such as commercial units, large private dwellings, schools and public buildings. 
Firstly, a small experiment was conducted to evaluate the potential of using terrestrial laser 
scanning techniques for generating 3D models of these buildings. A block of student 
residences in the University of Glamorgan Campus was scanned with a Leica HDS 3000 
terrestrial laser scanner (Leica Geosystems, 2008b) and the resulting scans (5 individual scans 
were required to obtain all of the building facades) were stitched together or 'registered' using 
Leica Cyclone 3D point cloud processing software (Figure 5.13).
148
Chapter 5 - Web Survey Methodology Part 2: Producing the Visualisations
Figure 5.13 'Raw' 3Dpoint cloud generated from a terrestrial laser scan of a student residences block, 
University of Glamorgan
An attempt was then made to produce a 3D CAD model from the 3D point cloud, but whilst it 
was possible to model the vertical facades of the buildings, the position of the scanner on the 
ground meant that there was not enough data collected to model the roof lines. However, the 
fact that it took almost one week to acquire and process the 3D point cloud data for one 
building effectively ruled out this approach as a viable means of creating the building models 
for the remaining buildings in the study area. Even if airborne LIDAR could be combined 
with this terrestrial LIDAR to produce complete building models this would require an 
enormous investment of time and effort which would not be justified for the purposes of this 
project. The remaining buildings were therefore visualised using the semi-automated polygon 
extrusion method.
Infrastructure
The model of the study area could have been made more realistic by the inclusion of other 
man-made structures such as bridges, pylons and street furniture, however as the aim was not 
to achieve the highest possible level of realism a trade-off was necessary between the level of 
detail in the model and the time and resources needed to produce extra detail. As far as roads
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were concerned, it was thought that the aerial photo drape provided enough texture to 
adequately represent road and other tarmac and man-made surfaces. One way to improve the 
realism of road surfaces if time had allowed would have be to apply a suitable geo-referenced 
ground texture in VNS2.
5.4.1.3 Vegetation
Vegetation can be modelled in VNS2 using one of two approaches, namely via ecosystems or 
polyline or point \ectorfoliage effects. The ecosystems approach works by rendering areas of 
vegetation within the boundaries of a specified GIS polygon layer or from remotely-sensed 
imagery where they are rendered based on defined image pixel values. Ecosystems in VNS2 
can be highly complex and designed to mimic the natural environment using VNS2's rules of 
nature functionality, where natural parameters such as altitude and slope aspect and gradient 
for example can be used to drive the visualisation of the ecosystem. Foliage effects on the 
other hand work by assigning specific vegetation models or images directly to point or 
polyline GIS data to visualise rows or trees or individual trees respectively.
For this project, areas of homogeneous tree types such as planted coniferous forest stands and 
smaller areas of deciduous woodland were visualised in VNS using ecosystems attached to 
OS MasterMap data, which was pre-processed in ArcGIS to extract the relevant polygons 
representing forest and woodland areas using attribute selection queries (a technique also used 
by Appleton, 2003). The MasterMap polygons were then sub-divided into five types based on 
the proportions of coniferous and non-coniferous trees contained within them (based on 
field/aerial photograph observations). The corresponding ecosystems were then created in 
VNS2 using suitable tree images from the VNS2 image library (Figure 5.14). Figure 5.15 
shows an example of a forest stand rendered in VNS from an Ecosystem applied to an OS 
MasterMap polygon.
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Figure 5.14 Sample tree images from the VNS2 image library
Note that the trees were represented as 2D 'billboard' images and were not strictly 3D 
models. True 3D foliage models can be used in VNS but they do impact on output rendering 
times due to their complexity, although 2D images are generally just as visually effective for 
anything other than very close distances as VNS2 cleverly orients them to face the camera 
whenever a viewpoint is moved.
Figure 5.15 Ecosystem rendering of GIS polygon data in VNS2
The tree heights were dictated by the surface feature height values derived from the LIDAR 
and RADAR DEMs and the stem density was modelled based on photographs of the study 
area. Rows of trees and hedges such as those found on the edges of fields were modelled by 
attaching vegetation images to polyline vectors digitised in ArcGIS, and other individual trees 
and/or very small wooded areas were visualised from individually digitised points. Ground- 
truthing of selected trees revealed that the LIDAR and RADAR DEMs were less accurate for 
deriving vegetation heights for lone trees than those that were part of a forest stand or wood,
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due to the smaller 'plan view' surface area of individual trees. The effect of this was that 
heights for lone trees were calculated consistently lower than the corresponding real-world 
trees, and so a scaling factor was added to increase the heights accordingly. Other vegetation 
that makes up general land cover such as agricultural crops and grasses and upland grassland 
can be represented in VNS2 by applying complex ground textures or plain colours (see 
Appleton and Lovett, 2003). Following initial experiments it was realised that the size of the 
study area and the complexity and diversity of general vegetation types within it meant that 
modelling the general vegetation in this way would not be feasible for this project, 
particularly as images would be rendered from viewpoints all over the study area. If only a 
small number of viewpoints were planned then foreground vegetation modelling would be 
more feasible as it would only need to be modelled in specific areas for certain views, thus the 
general ground surface was represented by the texture of the aerial photography. For further 
information on vegetation modelling for landscape visualisation see Muhar (2001) and Ervin 
and Hassbrouck (2001).
5.4.1.4 Water
The main watercourse running through the study area is the Ogwr Fach River, which runs 
through the centre of the study area southwards from its source on the Fforch Nest uplands. In 
its upper reaches, it is a minor mountain stream and widens to only around 5m where it exits 
the study area in the south. For the most part it runs in a narrow tree-lined gully and is 
generally not visible from most locations in the study area. It was thought that there was little 
merit in attempting to model it using highly realistic water-textures as it was not a major 
landscape feature and was represented adequately by the aerial photography where necessary. 
The only other significant hydrological feature is a pond on farmland in the south-west corner 
of the study area. Again, the texture of the aerial photography was thought sufficient for 
representing this feature.
5.4.1.5 Atmosphere
VNS2 has a large number of sophisticated controls to enable the modeller to fine-tune various 
visual elements of the atmosphere, namely; clouds, skies, haze and fog and lights and
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shadows. These elements were modelled to represent various typical atmospheric scenarios 
that might be experienced in the study area and were used to show the rendered views in 
different typical weather conditions using the Render Scenarios functionality in VNS2 
(discussed later in the Outputs section). The position and intensity of the sun was adjusted to 
the time of year that the photomontages and aerial photography were captured and an 
additional light source was modelled to increase the visibility of the wind turbine models as it 
was felt the existing ambient light conditions under-represented the structures compared with 
reality. Shadows were not modelled as the high sun angle meant that any shadows would be 
short and it was thought that shadows modelled for a specific day/date would not be 
representative of potential turbine shadow flicker impacts. Also shadow rendering added 
greatly to output rendering times.
5.4.1.6 Animals
Given the level of detail of the general landscape model it was though that the inclusion of 
highly detail animal and human models was unnecessary and would affect the balance of the 
visualisation, perhaps adding a false sense of realism give the level of abstraction of the other 
elements such as the buildings.
5.4.1.7 Final Model
Figure 5.16 and Figure 5.17 show how all of the elements discussed previously combined to 
create the final landscape model of the study area. Figure 5.16 shows a 'real-time' view 
OpenGL graphics view while Figure 5.17 shows the model fully rendered as a still image. In 
OpenGL view the camera can be moved around the landscape in real-time without the 
processing overheads involved with rendering ground, atmospheric and model textures, but it 
needs to go through a rendering process in order for it to be visualised in either still, animated 
or real-time formats.
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Figure 5.16 OpenGL view of final landscape model in VNS2
Figure 5.17 Rendered view of final landscape model in VNS2
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5.4.2 Outputs
This section describes how the landscape model output formats were rendered in VNS2 and 
post processed using other software for presentation in the Web survey. All of the rendering 
work in VNS2 was performed using a computer with a 3 GHz Pentium 4 processor and 3GB 
of RAM. Graphics accelerators do not have a significant effect on rendering times in VNS2, 
only on the display of the visualisations.
5.4.2.1 Still Images '
The selection,of viewpoints for the still images was based on the same criteria as those 
selected for the wireframes and photomontages but here the landscape was represented by a 
digital model meaning potentially many more views could be rendered. A virtual camera 
could be easily placed anywhere in the model and a still image was able to be rendered in 
around 3-5 minutes, depending on the extent and complexity of the data in a particular view. 
Therefore, in addition to the rendering of viewpoints in similar locations to those of the 
photomontages, it was possible to render a further 100 viewpoints from representative 
viewpoints throughout the study area within the time constraints of this phase of the project. 
Multiple viewpoints were rendered along roads and paths and there was at least one still view 
rendered from each street and road in the study area. It was also possible to render views at 
heights above the ground designed to represent the second-floor view from houses as well as 
'standard' ground views at heights of 1.8m to 2.0m above ground level. Three separate still 
images were rendered at each viewpoint, for the purposes of showing 'before and after' views 
with varying atmospheric conditions, these were:
• 'Existing' view showing landscape without turbines and 50% cloud cover
• Landscape with turbines in clear weather and minimal haze
• Landscape with turbines in overcast conditions and moderate haze
This was achieved by creating Render Jobs using different Render Scenarios in VNS which 
enabled different landscape elements to be switched on or off for rendering (Figure 5.18 and 
Figure 5.19).
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Figure 5.18 Selecting a render job (Landscape with turbines + clear sky) in VNS2 - note OpenGL 'working'
view
r"
Figure 5.19 Resulting rendered still image
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The 3D wind turbine models were orientated to face the prevailing wind and the turbine 
blades were set at random angles and the parameters of the virtual camera used to render the 
images were set to replicate that of a 35mm camera with a 50mm focal length lens and a 
horizontal field of view of 60 degrees. The rendered stills were then exported from VNS2 as 
640 x 480 pixel Bitmap images, loaded into Adobe Photoshop and exported at a screen 
resolution suitable for display on the Web.
5.4.2.2 Animations
Two kinds of animations were produced in VNS2, static animations where the movement of 
the wind turbines was modelled but the position of the camera was fixed and 'moving' 
animations where both the movement of the camera (viewpoint) and the turbines were 
modelled. The camera paths for 'moving' animations were digitised as polyline vectors in 
ArcGIS and imported into VNS2. The paths were designed to mimic low-level 'walk­ 
throughs' and 'drive-throughs' along paths and roads and also higher-altitude 'fly-throughs' 
aimed at showing the observer a view of the wind farm layout within the wider landscape. 
The speed of the turbine blades was modelled at 22 RPM (revolutions per minute) which is 
close to the maximum rotational speed of the average wind turbine. The animations took 
significant amount of time to render, for example a 10 second animation, rendered at a rate of 
5 minutes per frame and 30 frames per second took 25 hours to render.
VNS2 does have in-built software that allows the processing to be shared with other 
computers but this was not really necessary as the rendering jobs were managed so that there 
was always a new animation ready to begin rendering as soon as one finished. All of the 
animations used in the project were able to be rendered in a period of 6 weeks, which was not 
a problem in the case of this project because other work could still be performed on the same 
computer by setting the CPU priority of VNS2 rendering to 'low'. Once an animation had 
finished rendering, the individual frames were then assembled into an AVI (Audio Video 
Interleave) animation file using Apple QuickTime Pro software. A typical file size for a 10 
second AVI animations was in the region of 300MB, far too large for Web download, and so 
the AVI files were compressed into smaller (no larger than 10MB) WMV (Windows Media 
Video) files using Windows Media Encoder software that was freely downloaded from the 
Internet (Microsoft, 2008d - see Figure 5.20).
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Figure 5.20 Screen shot of a WMV animation playing in Windows Media Player 
5.4.2.3 Interactive 3D Model
Scene Express is a VNS2 add-on that allows the export of real-time models in various 
interactive 3D formats such as VRML, Google Earth, NASA Worldwind, 3D Studio Max and 
their own proprietary NatureView format. NatureView models can be viewed interactively 
using a small (in terms of file size) freely distributable 6MB viewer called NatureView 
express. Initial tests with this format found that effective highly detailed real-time models of 
the study area could be produced, albeit with file sizes that were too large (50MB+) for quick 
download as part of a Web survey. In order to reduce the file size to a point suitable for 
download, the level of detail in the model had to be reduced. To achieve a target download 
size of 15MB (software viewer - 6MB, model data - 9MB), it was necessary to remove all of 
the surface features (3D buildings and vegetation images), reduce the resolution of the 2m/5m 
'hybrid' terrain model to 10m and decrease the resolution of the drape imagery from 0.25m to 
2m. This also meant that the model ran much more efficiently on lower-specification 
computers.
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Experiments were also conducted to evaluate the potential of VRML and Google Earth as 
suitable real-time formats for use in the Web survey. A VRML model was exported from 
VNS2 using Scene Express at the same level of detail as the 9MB NatureView model but the 
file size was significantly larger at 116MB, far too large for dissemination on the Internet. The 
large file size also meant that navigation was slow and 'clunky' even when tested with a 
number of VRML viewers. While it is not possible to export terrain data from VNS2 to the 
present version of Google Earth, it is possible to export 3D models from the main landscape 
model as a KML (Keyhole Mark-up Language) file. Although the turbine and building
models could be visualised effectively in Google |sarth using a KML file of only 10MB in1 f- '? 
size, it was decided not to use this approach for delivering the real-time model in the Web
survey for the following reasons:
• The Google Earth terrain data for the project study area was of a very low resolution 
(90m) and the representation of the topography was poor compared to the 10m 
resolution output used in the NatureView model.
• hi addition to the 10MB KML data file, survey participants that had not already 
downloaded it would need to download and run the 14.3MB Google Earth installation 
program.
• Full control over the content of the real-time model was required so that there was no 
reliance on data and program downloads from external Web servers.
There was other 'streaming server' technology available such as ViewTec's TerrainView- 
Web system (ViewTec, 2008), which allow large amounts of 3D data to be accessed over the 
Internet via small Web browser plug-in programs, but these were found to be prohibitively 
expensive as they also required a significant investment in extra hardware.
As a result of this research it was decided that the NatureView model should be used as the 
interactive 3D model for evaluation in the Web survey, although the requirement for survey 
participants to download and unzip two separate compressed files for the software and data 
was thought to be unsatisfactory. While experienced computer users would not have found 
this problematic, this might have been potentially a protracted and confusing process for a 
novice. Following advice posted on the 3D Nature user's support forum (WCSML, 2008), this 
problem was resolved by using MoleBox Pro application-packaging software (Molebox, 
2008) to 'wrap-up' the software and data files into a single software application (.exe). The
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result of this was that survey participants would only need to download and then double-click 
on a single file to open the model. Also, MoleBox Pro compressed some of the files in the 
wrapping process so that the final download size for the 3DModel.exe was reduced from 
15MB to 13.2MB. A screen-shot of the final NatureView model as used in the Web survey is 
shown in Figure 5.21. Note that selected place name labels were added to help users orientate 
themselves within the model. A drawback of the NatureView model was that it was only able 
to be run on PCs running Microsoft Windows operating software and was not compatible with 
computers running Apple Macintosh OS. Nevertheless, it was felt that the NatureView 
format offered the best rrieaijis by which to deliver an interactive 3D model over the Web in 
this particular project scenario.
Figure 5.21 Screen-shot of the real-time NatureView model
5.5 Summary
This chapter has reviewed the methodology for producing the visualisations that were 
evaluated in the Web survey. Creating the visualisations constituted a significant proportion 
of the overall time and effort spent on the project, probably somewhere in the region of one- 
third of the overall duration of the research. This involved gaining familiarity with producing 
photomontages and photorealistic landscape models, and the subsequent time spent learning a
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host of new software and techniques (image and video processing, landscape modelling), and 
also research into best practice approaches and workarounds to overcome the various 
obstacles that were encountered.
While it is not possible to produce purely objective and accurate landscape visualisations 
(MacFarlane et al., 2005), great effort was made to make them as unbiased and precise as 
possible. Inevitably the modelling process involved many trade-offs between time accuracy 
and realism but it was thought the final landscape model and various outputs were suitable as 
representations of current photorealistic landscape visualisation outputs for the purposes of 
evaluation alongside the traditional visualisation techniques given the objectives of this 
particular project. There were many comments made by survey participants regarding the 
realism and accuracy of the various visualisations and these themes are discussed in further 
detail in Chapter 9. Undoubtedly the outputs could be further improved upon by building on 
knowledge gained during the production of these visualisations, especially in the area of LV 
modelling. As Ervin and Hassbrouck (2001 p. 263) commented, "..in the end, making a 
landscape model and rendering depends on personal technical skill and aesthetic judgement, 
both of which are best gained with time and experience, coupled with self-critical evaluation 
and the opportunity to experiment and invent". The following chapter concentrates on 
development of the survey website and describes how the visualisation tools were integrated 
into the survey.
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6.1 Introduction
This chapter describes the work undertaken in the final part of the Web survey methodology 
which consisted of Internet mapping and general Web development and the pilot testing and 
running of the Web survey including an analysis of general survey statistics. These make up 
the remaining tasks in the Production and Implementation stages of the Web survey 
methodology as outlined previously in Chapter 4. The chapter is split into four main sections. 
The first section (Sectton 6.2) focuses on the development of the interactive Web maps and 
integration of the visualisation tools and maps. In the second section (Section 6.3) the general 
development of the final website is discussed which includes a page-by-page guide that 
provides a description of each Web page, including an explanation of relevant coding features 
as well as page content such as final question wording and answer options. The third section 
of this chapter (Section 6.4) describes the Implementation phase of the Web survey 
methodology including pilot testing of the website, recruitment of participants and running of 
the final Web survey. The chapter is then summarised in the final section (Section 6.5).
6.2 Internet Mapping Development
As mentioned previously, ESRI's ArcIMS software was chosen for serving the dynamic Web 
maps which were used as a means of delivering the visualisations (apart from the 3D model). 
Web mapping development was originally scheduled for winter 2006 using ArcIMS version 
9.1 but was postponed until spring 2007 to await the arrival of ArcIMS version 9.2 which had 
enhanced functionality over version 9.1 including an Application Developer Framework 
(ADF) for the Microsoft .NET framework with completely new visual Web mapping controls 
that could be integrated directly into the Microsoft Visual Studio 2005 development 
environment. It was thought that building a Web mapping application from the bottom-up and 
being able to customise the design and function of every map element was preferable to using 
pre-defmed ESRI templates and map pages, and the new Web controls offered the prospect of 
achieving this. An added bonus from a research perspective was that this was an opportunity 
to experiment with new innovative Web mapping technology and thus add to the originality
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of the project. The remainder of this section describes the workflow used to create the Web 
maps, an overview of which is shown in Figure 6.1.
GIS data pre-processing and preparation in ArcMap
Data exported to GIS data folder on web server
ArcXML map files created in ArclMS Author
ArclMS web services created from ArcXML files in ArclMS Administrator
-Visual Studio 2005 Web Development IDE-
Map interface built using ArclMS Web ADF and .NET web controls
Map controls linked to ArclMS web services via ArclMS Web Resource Manager
Visualisations linked to maps using Map Tips web controls
Figure 6.1 Overview of the workflow used for producing the Web maps
Following the installation of ArclMS 9.2 onto a Web server at the University of Glamorgan, 
the first stage of the process was to prepare base map and viewpoint data in ArcGIS.
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Ordnance Survey colour raster map tiles at various scales (1:10000, 1:25000 and 1:50000) 
were mosaicked and clipped to the extent of the study area and greyscale versions of the 
colour rasters were then created in Photoshop for use in the ZTV map (colour maps clash with 
the coloured ZTV layer). The map rasters and visualisation tool viewpoint and animation path 
vector shapefiles along with the raster ZTV layers were exported to a data folder residing on 
the same Web server as ArcIMS (see Figure 6.2).













I Photomontage map k-
3D still map






3D animation paths & 
viewpoints
Figure 6.2 GIS data workflow for creating Web map
Before GIS data can be published in a Web map it must first be compiled into an ArcXML 
(.axl) file using the ArcIMS Author component of ArcIMS. In ArcIMS Author, the user is
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able to configure map content to determine the data layers that will be displayed at different 
scales and they way in which they will look (colour, symbols, labels etc). Prior to data being 
added to ArcIMS Author it was necessary to create a new TIFF World File (.tfw) for each 
clipped raster base map layer in order to re-georeference the data. The following ArcXML 
configuration files were then created in ArcIMS Author:
• Turbines.axl - Vector point file representing the locations of the Fforch Nest turbines.
• GreyscaleMaps.axl - Greyscale raster maps (1:10000, 1:25000 & 1:50000) for use as 
base mapping in the ZTV map evaluation, configured to display the appropriate layer 
at specified scales.
• ZTVHubHeight.axl - Colour-banded raster ZTV layer calculated for the height of the 
turbine hubs.
• ZTVBladeHeight.axl - Colour-banded raster ZTV layer calculated for the maximum 
height of the turbine blades.
• ColourRasterMaps.axl - Colour raster maps (1:10000, 1:25000 & 1:50000) for use in 
the wireframe, photomontage, 3D still and 3D animation evaluations, configured to 
display the appropriate layer at specified scales.
• WireframeViewpoints.axl — Vector point file representing the locations of the 
wireframe viewpoint locations.
• PhotomontageViewpoints.axl - Vector point file representing the locations of the 
photomontage viewpoint locations.
• SDStillViewpoints.axl - Vector point file representing the locations of the 3D still 
image viewpoint locations.
• SDAnimationVie-wpoints.axl - Vector point file representing the locations of the 
'static' animation viewpoint locations.
• 3D Animation? aths.end - Vector polyline file representing the paths of the 'moving 
camera' 3D animations.
The next stage of the process was to create an Image Service for each of the AXL 
configuration files using the ArcIMS Administrator component of ArcIMS. Image Services 
deliver map content to a client application as JPEG, PNG, or GIF images and are assigned to 
a corresponding Virtual Server, which is basically a management tool for the main Spatial 
Server (aimsserver.exe), the heart of ArcIMS running behind the scenes serving map content 
to the Web. Image Services work by generating a new map image each time the client
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requests new information. For example, if a user zooms in on an area of a map, a message is 
sent from the client to the server. A new map image of the zoom extent is generated by the 
server and sent back to the client, replacing the old image. Each image service was created so 
that the output map images would be served as Portable Network Graphics (PNG) images, as 
it was thought that this format offered the best compromise between compression and visual 
quality, and the size of each image to be served was restricted to the default maximum of 
4MB. Each map image served was stored in an output folder on the Web server and ArcIMS 
was configured to remove the stored images every 60 minutes to avoid the build-up of large 
amounts of unneeded image data on the Web server. When the Image Services are created 
they are then ready to be accessed by an ArcIMS mapping application for publishing on the 
Internet.
The Web mapping application interface was then created in the Microsoft Visual Studio 2005 
programming environment within an ASPX Web page (see Section 6.3). ESRI ArcIMS Web 
ADF references were added to the Web development project in Visual Studio so that ArcIMS 
map Web controls were made accessible from the Visual Studio toolbox. The required map 
controls including a map window, toolbar (zoom and pan buttons etc), scale bar and north 
arrow, were then 'dragged and dropped' into the visual design environment and used to create 
a map interface. As yet there is little evidence to suggest there are any firmly established 
methodologies or guidelines for designing Internet-based map interfaces (Cartwright et al., 
2001), although there was an awareness of basic Web design, Web cartography and HCI 
(Human Computer Interaction) principles (see for example Dix, 2004; Kraak and Brown, 
2001). The map interfaces were designed simply on the best judgement and experience of the 
researcher and fine-tuned as necessary following feedback from pilot testing of the website 
(discussed later). It was beyond the scope of this project to delve into the cognitive and 
usability issues of Web map design and online geovisualisation but it was thought that 
possible feedback on user-related issues provided by the survey participants might prove 
useful to those designing similar sites in the future.
To a large extent the map design was determined by the limitations imposed by OS data 
copyright issues in that the maximum size of the map window was restricted to 200cm . The 
other map elements were then designed around the main map window Web control using a 
layout and style that was thought to be logical and clear. The size of the final map design 
meant that it was not thought necessary to use JavaScript to detect the screen resolution of the
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monitor being used to view it as the size of the final map (700 x 550 pixels) meant that it 
could be displayed on a screen with a modest resolution of 1024 x 768 pixels, such as might 
be set for a 14 inch laptop monitor, without the need to scroll to view the whole map window. 
The size of the map window could not be increased for higher resolution screens due to the 
OS data restrictions so a 'one size fits all' map was thought suitable. Once a satisfactory 
design was created it was used as the basic design for all of the dynamic maps used in the 
survey. The only elements that needed to be customised for each map were map legends and 
map help files (PDF file accessed via a hyperlink). Additional JavaScript was incorporated 
into each map design so that an animated GIF 'loading' image would display while the map 
tiles were being downloaded in order that the user was made aware that the map was 
functioning properly if download rates were slow.
When the map layouts were finalised, the appropriate ArcIMS Web services that were created 
in ArcIMS Administrator were linked to a Map Resource Manager Web control for each map. 
The Map Resource Manager control was used to further configure the display of the Web 
services such as the ordering and rendering (visible or not visible, transparency etc.) of data 
layers (Web services) for each map as well as acting as the connector between a Web map 
application and the spatial server (ArcIMS). Following this, each Web map control (i.e. map 
window, scale bar) was then associated with the Map Resource Manager for that particular 
map. Map Tips Web controls, based on the 'viewpoint' Web services, were used for the 
wireframe, photomontage, 3D still and 3D animation maps which allowed the user to access 
the relevant visualisations by clicking on a viewpoint on the map. When the mouse pointer 
hovers over a viewpoint a customisable Map Tips JavaScript window appears that shows the 
user further information relating to the viewpoint such a textual description of the location 
and the height of the viewpoint above ground, and in the case of the 3D animations, the file 
size of the animation download. The user then clicks on a hyperlink in the JavaScript window 
which opens an 'image page' showing the appropriate visualisation from that particular 
viewpoint (Figure 6.3 and Figure 6.4).
168














Kne: On some slower 
Internet connections 
the map may be slow to 
raw. Try clicking on 
he 'Full Extent 
iutton or refreshing 
he page if the map 
[fails to draw at all.
Map Help
Figure 6.3 Map interface showing viewpoint information window with image hyperlink
Show wind turbines | RETURN TO MAP Show existing view |
Figure 6.4 Corresponding visualisation shown on 'image page'
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This works by carrying the filename of the selected image (stored in a field in the original 
viewpoint shapefile) as a variable in the URL of the Map Tips window hyperlink and the 
corresponding image file (stored in the Web application folder on the Web server) is 
displayed on the 'image page'. The user then clicks a hyperlink on the image page to return to 
the map, ready to make another viewpoint selection.
6.3 General Website Development
6.3.1 Overview
The Web survey was developed as a single website development project in the Visual Studio 
2005 IDE. ASP .NET web pages or 'web forms' with an ASPX extension were used as the 
main building blocks for the application. The content of the Web forms comprised of static 
HTML (Hyper-Text Mark-up Language) and dynamic ASP.NET Web controls with 'code- 
behind' pages (ASPX.VB) for each corresponding Web form containing the separated 
application logic for the ASPX Web page interface written in the Visual Basic.NET 
programming language. The website was first created on a development PC separate from the 
Web server but was ported to the Web server for pilot testing and subsequent final 
development. An SQL database, used to store participant's responses and control security and 
multiple user sessions, was created using SQL Server Management Studio software that was 
already installed on the Web server. The general architecture of the final website is shown in 
Figure 6.5.
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Figure 6.5 General architecture of the survey website
A user interacts with the Visual Studio Web application using ASP.NET server controls for 
website navigation and responding to questions and an ArclMS Web application for retrieving 
information from the dynamic maps. Survey responses are posted to an SQL server database 
residing on the same Web server. The Web application also retrieves data from the SQL 
database for use in log-in and multi-user functions. Media files (visualisations, help files) are 
stored in a folder on the web application itself and retrieved using HTML hyperlinks either 
from the map and/or textual drop-down lists (see section 6.3.2). The .NET framework takes 
compiled ASP.NET code and marks it up in HTML format so that it can be read by the client 
Web browser. The ArclMS Web ADF serves the dynamic map content as images that can be 
read by the browser and JavaScript is also used to display survey content to the client (e.g. 
Map Tip windows).
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6.3.2 Page-By-Page Guide to the Website
This section describes the content and functionality of the survey in the form of a page-by 
page guide to the website. 'Final design' detail not covered in the Preliminary Survey Design 
section is discussed, such as question wording and closed-ended answer options, and a 
description of the programming and database functions that drive the website is included. As 
the survey was designed to be completed by linear navigation through the site; the pages are 
presented here in the order that they would appear in the survey. The Web pages with the 
exception of those incorporating maps were designed with a width of 800 pixels so that those 
participants with lower screen resolutions would not have to scroll horizontally to see all of 
the content on the page, although it was not possible to avoid vertical scrolling. The website 
was designed and tested for compatibility with most of the main Internet Web browser 
software although some users did experience issues with Mozilla Firefox Web browser when 
participating in the survey (see section 6.4). The layout and design of the pages including 
colours and fonts were based on a simple single-column Microsoft design template but the 
pages were coded 'from scratch' in HTML. Figure 6.6 shows the structure of the final website 
and the following sections provide a textual description of the diagram. Screen-shots of 
selected Web pages are shown where appropriate. Screen shots of the entire survey can be 
seen in Appendix B and the live website can be viewed at the following URL: http://comp- 
web2/raberry/surveyvl/welcome.aspx.
Page 1 - Welcome, aspx
The Welcome page introduces the participant to the background of the research and the 
purpose of the Web survey and provides some brief technical guidance regarding platform 
(Windows XP only) and Web browser (best viewed with Internet Explorer) compatibility. 
This is the only non-secure page on the site. In order to gain access to the rest of the survey 
the user is required to enter their unique pre-supplied log-in details (password and username) 
into the relevant text boxes. When a Submit button is clicked, the application code in the 
code-behind page checks the SQL database (survey, db) to see if there is a record with a 









































Figure 6.6 Structure of the final Web survey
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If there is, then a time stamp is added to the TimeStart field in the SQL database and the user 
proceeds to the next page if it is their first time logging-in to the survey. If they have 
previously started a session then they are directed to an interim 'log-in' page where they have 
an option of starting the survey from the beginning or continuing from where they left off. 
When a user navigates from one page to the next, the URL of the new page is written to a 
LastPageVisited field in the survey, db which is then used if the participant wishes to complete 
the survey over multiple sessions. If they have not been supplied with log-in details they are 
able to request them using an email link to an email address set up specifically for the survey 
(visualimpact@glam.ac.uk). Note that if the URL of any page in the website, with the 
exception of the Welcome page, is typed directly into the address bar in the Web browser 
without the user having logged-in, they would be directed back to the Welcome page.
Page 2 — Copyrightlnfo.aspx
This page is simply a copyright disclaimer relating to the Ordnance Survey data licencing. 
Users must tick a box to acknowledge that they have read and understood the notice in order 
to proceed.
Page 3 — StudyArea.aspx
Participants are given a general overview of the study area on this page which includes a 
regional-scale static map of the study area showing the locations of the proposed turbines. The 
text on this page also emphasises the independent nature of the project as a piece of unbiased 
academic research that is not affiliated to any stakeholder groups or agencies that have a 
vested interest in wind farm planning or the Fforch Nest Wind Farm. Participants are also 
made aware that the visualisations produced for the research are not part of an official LVIA 
for the wind farm.
Page 4 - User Info.aspx
Participants enter their background information on this page, when the Submit button is 
clicked the site navigates to the next page and writes the responses to survey.db. The 
questions and answers are summarised in Table 6.1 and a screen-shot of the Web page is
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shown in Figure 6.7. The occupation categories were based on those used by the Office of 
National Statistics in some of their employment reports (ONS, 2008).
Table 6.1 Summary of the user background questions and answers
Question Answer options
1. What is your age group? Under 16; 16 - 24; 25 - 34; 35 - 44; 45
- 54; 55 - 64; 64 +
2. What is your occupation type? Administrative/Secretarial; Professional
/Technical; Healthcare/Personal Service; 
Manager /Senior Official; 
Process/Plant/Machine Operative; 
Professional; Retired; Sales/Customer 
Services; Skilled Trade; Student; 
Unemployed; Unskilled/Elementary
3. How would you rate your experience of using computers
and the Internet? 1;2;3;4;5
(1= Completely unfamiliar -5= Very Familiar)
4. How familiar are you with the landscape in this study
area? 1;2;3;4;5
(1= Completely unfamiliar -5= Very Familiar)
5. Do you live in the study area? Yes/No
6. If you live in this area, how long have you been a Free text answer box 
resident (to the nearest year)?
7. Have you previously attended a public planning meeting
Yes/No 
for a wind farm proposal?
8. What is your general view on the development For; Against; Neither for Nor Against; 
of onshore wind farms? Undecided; No Answer
175
Chapter 6 - Web Survey Methodolo®' Part 3: Website Development and Implementation
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment
Research Survey- University of Glamorgan
Participant Information
Before you take the survey we would like to reassure you that all of the data you submit is 
anonymous and will De handled in full compliance with the Data Protection Act and University of 
Glamorgan Data Protec 10 i Regulations. Data will not be released to third parties
1. What is yourage group?
2. What is youroccupation type'
3. How would you rate your experience of using 
computers and the lntemet?<i=»ov«-5=Adv>«*<( u<«
4. How familarare you with the landscape in this 
study area? c= w****-^ ^ iw*»-
5. Do you pass through this area on a daily basis?





7. Have you previously attended a public planning 
meeting for a wind farm proposal'
8. What is your general view on the development 




Figure 6.7 Screen-shot of Userlnfo.aspx
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Page 5 - Surveylntro.aspx
This page provides the participant with a brief introduction to the structure of the survey and 
outlines the visualisation tools that are to be evaluated. The participant is given a time 
estimate for completion of the survey and told that they may complete the survey over 
multiple sessions if desired.
Pa^es 6,7 & 8-ZTVMap Evaluation \
These three pages comprise the ZTV map evaluation. On the first page (ZTVMap.aspx), 
respondents are given an introduction to the theory of ZTV maps and how they are produced 
and instructed on how to use the Web map to try and assess how effective the ZTV map is for 
showing how the wind farm might affect the visual character of the landscape and also how 
useful it is for showing how it might impact on views from different locations in the study 
area. A progress bar appears at the top of the page to inform participants of the proportion of 
the survey that has been completed and is used on every subsequent page in the survey. The 
second page (ZTVMapMap.aspx) contains the ZTV map itself which includes a hyperlink to a 
Map Help PDF document should the participant require extra instruction on the use of the 
map (Figure 6.8). At this point 'back' buttons were introduced onto the survey pages so that 
participants were made aware that they could move backwards through the site to view tools 
instructions or re-use/re-evaluate tools if necessary.
Note that due to the server-side processing of ArcIMS, no client downloads are required to 
interact with the maps, only a Web browser. Once participants have used the map (there is no 
time limit) they continue onto the third page (ZTVMapEval.aspx) where they answer 
evaluation questions. There were four identical evaluation questions posed for each tool, 
based on the themes discussed earlier in Section 4.3.2. Each question was answered using a 
drop-down box with a closed-ended numerical rating based on a semantic difference scale of 
1 to 5 and also with additional free-text boxes available for each question which the 
participants were encouraged to use to comment on their responses. A summary four 
questions used for each tool evaluation is shown in Table 6.2.
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Table 6.2 Visualisation tool evaluation questions
Question Answer options
la. How clearly did you understand/interpret the ZTV Map? 1; 2; 3; 4; 5
7 = Very difficult to understand/interpret
5 = Very easy to understand/interpret lb. Free-text comment box
2a. How effectively do you think the ZTV Map shows how the wind 1; 2; 3; 4; 5
farm might affect the general visual character of the landscape in the
area?
2b. Free-text comment box
1= Very ineffective, difficult to get an idea of how the wind farm 
might affect the landscape
5 = Very effective, gives a clear idea of how the wind farm might 
affect the landscape
3a. How effectively do you think the ZTV Map shows the potential 1; 2; 3; 4; 5 
visual impact (view of the wind farm) of the wind farm from 
different places in the area?
3b. Free-text comment box
/= Very ineffective - doesn't give a clear idea of the visual impact 
from different places
5 = Very effective - gives a clear idea of the visual impact from 
different places
4a. How accurately do you think the ZTV map shows the potential 1; 2; 3; 4; 5 
landscape and visual impacts of the wind farm?
1= Very inaccurately - I believe it to be an accurate method of 4b. Free-text comment box
showing the impacts
5 = Very accurately - I believe it to be an inaccurate method of
showing the impacts
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Once you have finished using the map, click the Continue button below to move on to the 
evaluation page.
Continue »
Figure 6.8 Screen shot of ZTVMapMap.aspx
Pages 9, 10 & 11 — Wireframe Diagram Evaluation
The structure of the wireframe evaluation was identical to the ZTV map evaluation, with a 
tool introduction page (Wireframe.aspx), a tool interaction page with dynamic map 
(WireframeMap.aspx - Figure 6.9) and a tool evaluation question page (WireframeEval.aspx 
- Figure 6.10). The Web map for the wireframe diagrams (and photomontages, 3D stills and 
3D animations) however has added Map Tips with JavaScript windows used to access the 
twelve wireframe 'views' on a separate Web page via HTML hyperlinks. Also the map page 
has a drop-down box which the participant can use to access the wireframe images based on a 
textual description of the location of the viewpoints.
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Tip: ton can use the
arrows on your
keyboard to pan left,
right up, down and use
the mouse wheel to
zoom in and out
Map Help
Select one or more wireframe views using the map or text list 
below. Click on 'Continue' below when you wish to move on.
I Choose viewpoint... | Show Wireframe View |
Continue »
Figure 6.9 Screen-shot of WireframeMap.aspx
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Evaluating Internee Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Wireframe Diagram Evaluation Questions
Please answer the wireframe evaluation questions belcw. When you have finished, click on 
the 5j/6/B/'r'button at the bottom of the page. If you wish to go back to the wireframe map at any 
time click on the "Back to Wire frame Tool Page'\\r\V.. at the bottom of the page and your responses 
will be saved.
la. How clearly did you understand/interpret the wireframe 
diagrams?
l«V«tr difficulty undtrmnd mtftrprM 
S  VldT M«r te und» rri&ftd, Intorprvl
Ib. Please add any comments in support of your answer 
(optional)
2a. How effectively doyou think '.at wireframe diagrams show 
how the wind farm might affect the general visual character of 
the landscape in the area?
l-Vwv uwfnbcttvB. dlffKuttio a*t»n id** of «9* IB* ivmd oj.rn mia>Um%«l1lw kmdftatp* 
5 -VKrr»fiKlhr^9tv*B«dM)r*aMafM0ntB« n-ind nkrnnmahlanVctfl» Itndaapi
2 b. Please add any comments in support of your answer 
(optional)
3a. How effectively doyou think the wireframe diagrams show 
the potential visual impact of the wind farm from different 
places in the area?
«ffafl>v» -grt   » £lLKr i
3b. Please add any comments in support of your answer 
(optional)
4a, How accurately do you think the wireframe diagrams show 
the potential lands cape and visual impacts of the wind farm?
4b. Please add any comments in support of your answer 
(optional)
Submit
k TO Wireframe Tool Pag*
Figure 6.10 Screen-shot of WireframeEval.aspx
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Pages 12, 13 & 14 - Photomontage Evaluation
The photomontage evaluation pages (Photo.aspx, PhotoMap.aspx and PhotoEval.aspx) follow 
the same format as the previous tool evaluations. Photomontage images are accessed via the 
Web map and/or drop-down list. As with the wireframe and 3D still visualisations, users were 
able to toggle between 'before and after' images of the landscape showing the existing view 
and the landscape rendered with turbines.
** 
Pages 15, 16 & 17-3D Still Image Evaluation
The : 3D still image evaluation also follows this three-page format (3DImage.aspx, 
3DImageMap.aspx, 3DImageEval.aspx). A screen-shot of the 3D image Web map (Figure 
6.11) and a hyperlinked 3D still 'view' (Figure 6.12) are shown on the following page. The 
3D still images, like the wireframe diagrams and photomontages, were designed to fit 
completely onto screens with relatively low resolution (1024 x 768 pixels) without the need 
for scrolling.
Pages 18, 19 & 20- 3D Animation Evaluation
Again the 3D animation pages (3DAnimation.aspx, 3DAnimationMap.aspx, 
3DAnimationEval.aspx) follow the same pattern as the previous evaluations, however unlike 
the previous tools where the visualisation opens in a separate Web page, the animations open 
in the default media player installed on the client PC.
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Nt ie: On some 
slower Internet 
connections the 
map may be slow to 
draw. Try clicking 
on the 'Full tmenf 
button or refreshing 
the page if the map 
fails to draw at all.
Map Help
Select one or more photomontage views using the map or text 
list below. Click on 'Continue'be\ow when you wish to move on.
| Choose yjtwpoHH- _v| I Show 3D View |
Figure 6.11 3D still image Web map and viewpoint location drop-down list
View from Heol-y-Derw, Evanstown (6m)
[Show turbines - Cloudy|| Show turbines - Clear || Show existing view | RETURN TO MAP 
Figure 6.12 Resulting 3D still image accessed from map hyperlink
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Pages 21 & 22 - 3D Model Evaluation
Unlike the other tools evaluations, only two Web pages (InteractiveSD.aspx, 
InteractiveSDEval.aspx) were required for the 3D model evaluation as there was no Web 
mapping page needed. Instead, the model is downloaded from the introduction page and run 
locally on the participants PC. The page contains 'quick-start' instructions for participants that 
are used to downloading and running programs from the Internet but more detailed 
instructions can be downloaded in the form of a PDF document if required. As it was 
anticipated that some participants may prefer not to download and run the model, a 'skip this 
section' button was added to allow users to miss the 3D model evaluation page and navigate 
straight to the participation questions section.
Page 23 - FinalQuestions.aspx
The final page of questions in the survey contains the 'Participation Questions' that were 
discussed previously in Section 4.2.2. Each question had a closed-ended multiple-choice 
answer and comments boxes to allow the participants to expand on their answers. The full 
questions and answers are shown in Table 6.3. On completion of the questions, a time stamp 
is added to the TimeFinish field in the survey.db when the users submit their answers and 
navigate to the final page of the survey. A screen-shot of this Web page as it appeared in the 
survey is shown in Figure 6.13.
Page 24 - End.aspx
This is the final page of the survey. Participants are thanked for taking part in the survey and 
asked for general feedback which they can submit by following an email link or by filling-in a 
comment box. A hyperlink allows the participants to navigate back to the first page of the 
survey should they wish to re-take it.
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Table 6.3 Participation Questions
Question Answer options
la. If the kinds of tools that you have been shown in this survey were No; Possibly; Probably; Yes;
incorporated into a 'planning' website where you could explore a Don't know
wind farm proposal, compare different wind farm layouts and share
views with other people and the developers/planning authorities - do
you think you would participate in this way? Ib. Free-text comment box
2a. Would having such a website available make you more likely to Less likely; More likely; 
make your opinions on a proposed wind farm known? Don't know
2b. Free-text comment box
3a. If you have previously attended a public consultation Material on the Internet is
meeting/exhibition for a proposed wind farm, how do you think these better; Material at meetings is
kinds of Internet-based Landscape and Visual Impact tools compare better; Don't know; Not
to the material you have seen at such events? attended a meeting
3b. Free-text comment box
4a. Do you think participation via the Internet has the potential Yes; No; Don't know
to improve public involvement in the planning process for proposed
wind farms? 4b. Free-text comment box
5. What do you think are the advantages and disadvantages of this 5a. Advantages (Free-text 
type of Internet-based approach for engaging the public in the wind comment box) 
farm planning process? 5b. Disadvantages (Free-text
comment box)
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Research Survey University of Glamorgan
Final Questions
Tharks very much for talcing part in this survey -just one last page of questions!
la. tf the kinds of tools that you have been shown in this 
SLrvey were incorporated irto a "planning website where you 
could explore a wind farm proposal, compare different wind 
farm layouts and share views with other people and the 
developers/planning aLthorites - do yob thirlc yOL would 
participate in this way?
lb_ Please add arty comments in support of your answer 
(optional}
2a Would having such a website available rnake you more likely 
to make your opinions on a proposed wind farm known?
Zh. Please add ary comments in support of your answer 
(optional)
3a. If you have previously attended a public consulation 
meeting.'exhibitiDn for a propsosed wind farm, how do you 
think these kinds of Internet-based Landscape and Visual 
Impact tools compare to the material you have seen at such 
everts?
Ib. Ptease add any comments in support of yourarsswer 
(optional)
4a. Do you tnink participation via tre Internet has the potential 
to improve public involvement in tne planning process for 
proposed wind farms?
4b- Please add any comments in support of your answer 
(optional)
5. What do you think are the advantages and disadvantages of 
this type of Internet-based approach for engaging the public 











Figure 6.13 Screen-shot of the Participation Questions Web page
186
Chapter 6 - Web Survey Methodology Part 3: Website Development and Implementation
6.3.2.1 Survey Question Wording
When interpreting the results of the Web survey, it is important to acknowledge the potential 
weaknesses of the choice of question wording used in the questionnaire. It was recognized 
that some survey respondents, particularly those less familiar with LVIA terminology (e.g. 
respondents in the Public group) may interpret some of the language used in the visualisation 
tool evaluation questions differently to 'landscape experts', or in some cases perhaps not fully 
understand the meaning of some of the terms used. For example, the terms 'visual landscape 
character' and 'visual impact' are used by LVIA professionals to describe two subtly different 
but related phenomena. However, there was some concern that respondents from the Public 
and Student groups may not fully understand the meaning of such terminology, particularly as 
these terms were only briefly explained at the beginning of the survey. Nevertheless, these 
terms were included in the survey in order that the visualisation tools could be evaluated 
consistently by all respondents using the same questions and evaluation criteria. The results of 
the free-text responses in the visualisation tool evaluation section of the survey indicated that 
there was, in fact, a good general awareness amongst most of the 'non-experts' when it came 
to differentiating between landscape and visual impacts (see Chapter 7). They also served to 
highlight the value of including free-text answers in the survey for helping to explain and 
interpret the results of the quantitative closed-ended visualisation tool evaluation.
The word "accurately" in visualisation tool evaluation question four (see Table 6.2), was 
another term that was anticipated to be interpreted differently by experts and non-experts. 
This was deliberate, as the aim of the question was to reveal any differences in the awareness 
of visualisation/data accuracy issues between members of the lay-public and 
landscape/visualisations experts in the LVIA and Academic respondent groups. It was 
hypothesised that members of the public and non-experts would be less aware of uncertainties 
in the data used to produce the visualisations and perhaps judge the accuracy of the images at 
'face value', whereas respondents in the 'expert' groups would be more aware of potential 
data inaccuracies/uncertainties and approach the evaluation from a more technical 
perspective. The analysis of the responses to this question supported this hypothesis (Section 
7.5). These and other findings of the visualisation tool evaluation serve to justify the selection 
of potentially ambiguous question wording used in the survey.
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6.4 Web Survey Implementation
This section documents the Implementation phase of the Web survey methodology as outlined 
in Figure 4.4 (Section 4.3.2) and is split into three main parts. The first part describes the brief 
period of pilot testing of the survey and the amendments that were made to the website as a 
result of the feedback. The second section explains the approaches taken to raise awareness of 
the survey and strategies used to recruit participants from different stakeholder groups. The 
final part of this section presents some general survey statistics that were calculated following 
the running of the survey including response and drop-out rates and the make-up of the 
respondent groups based on an analysis of the participants' characteristics.
6.4.1 Pilot Study
The first version of the website was completed and running on the Internet by the end of 
August 2007. A pilot study was then conducted in order evaluate the survey, highlight areas 
for improvement and/or re-design and test technical aspects of the site such as the dynamic 
Web maps and database functions. In all 20 people participated in a pilot study of the website, 
including staff and students at the University of Glamorgan and a small number of academics, 
landscape professionals and members of the public that were invited to take part. There were 
many comments collected on various elements of the survey, both via the Web survey 
comment boxes and face-to-face where it was possible to directly observe users working 
through the survey.
The overall response to the survey was favourable in terms of the ease of use of the tools and 
layout of the website, although some struggled with the 3D model controls. The maps were 
generally thought easy to use although some participants commented that there was too much 
textual non-visual information in the map legend area relating to the instructions on map use. 
This resulted in the creation of one-page 'Map Help' PDF documents that could be accessed 
from the map legend area, replacing the previous text. Another change made on the 
recommendation of one participant was to add more comprehensive instructions to the toolbar 
'tip' windows that appear when the cursor is hovered over the map controls (e.g. pan, zoom in
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etc.). The main theme that emerged from the study concerned the volume and complexity of 
supplementary material used to provide the participants with background information on the 
visualisation tools. Almost all of the participants commented that there was too much 
information relating to the visualisations and the processes, software and data that was used to 
create them including explanations of uncertainties and inaccuracies in the data. As one local 
planning officer that took part in the study commented:
" ...the explanations try to cover everything but need to be more concise...! think 
you should avoid all jargon and technical explanations if it's going to the public. 
Even words like datasets that you use all the time don't mean anything to ordinary 
people. I'm familiar with such terms but found the information relating to the 
tools (data accuracy, how they were made etc) was off-putting and confusing. I 
don't think it's possible to convey this sort of information in a basic and concise 
way."
The four members of the public that participated all agreed that there was too much 
information describing the tools to the extent that it would probably cause them to drop out of 
the survey due to being overwhelmed with information which was taking too long to read. In 
the case of the ZTV map for example, the explanation of different ZTV layers calculated for 
hub and blade heights was thought too confusing by the public participants and this led to the 
redesigning of the map where only one ZTV layer was presented instead of two. The public 
respondents also struggled with the explanation of the visualisations being based on 'real- 
world' data and so this was left out of the final survey.
However, comments made by the four landscape professionals that participated in the survey 
suggested that they thought such information was probably important for helping the public to 
evaluate the different tools. As part of a study evaluating the realism of LV derived landscape 
images presented on the Internet, Appleton (2003 p. 84) considered the merits of including 
this type of non-visual information when presenting such material: "...it may be debateable 
whether information on the production process and base data would be fully appreciated by 
many people if it was included; it may be that the idea of such information in encouraging, 
but the practicalities of reading and absorbing it are more problematic." Due to the possible 
detrimental effect on completion rates the volume of information relating to the explanation of 
the visualisation tools was cut dramatically. Before the changes were made respondents were
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found to take an average of 45 minutes to complete the survey, a time which was reduced to 
an average of 25 minutes for subsequent participants. Concerns over the length of the survey 
were also raised by some researchers during a demonstration of the survey as part of a 
presentation delivered at the Royal Geographical Society/Institute of British Geographers 
Annual Conference in August 2007 and such measures helped to address those concerns 
(Berry et al., 2007). However, as a result of minimising the volume of supplementary 
technical information in order to increase completion rates amongst Public respondents, the 
there was a mildly critical reaction from some of the LVIA respondents that participated in 
the final live survey. They felt that such information was vital for allowing them to make a 
more informed assessment of the different visualisation tools (see Chapter 7).
The participants of the pilot study did not raise any issues regarding the wording of the 
questions and only one amendment for the answer options necessary where category 'retired' 
was added to the 'occupation' question. Other minor changes that were made as a result of the 
pilot study were simply spelling and grammatical errors. From a technical perspective, there 
were no major problems uncovered in the pilot test although some SQL coding errors were 
found that resulted in data not being written to a small number of fields in the database. There 
were no problems with excessive map or data download times reported even though a few 
participants said that they were using 'slow' internet connections when they accessed the Web 
survey.
However, when the final survey was run, a number of problems surfaced which highlighted 
the limitations of the pilot study. For example, University of Glamorgan students accessing 
the web survey using a problematic new installation of Windows Vista were blocked from 
downloading the NarureView .exe file, meaning that around half of the respondents were 
unable to evaluate the real-time 3D model. With hindsight, the potential impact of firewalls 
(particularly at large organisations with managed IT systems) blocking the download of .exe 
files (or in this case a compressed folder containing an .exe file) should have been 
investigated more thoroughly, although in the event no respondents indicated problems 
related to this. Also, respondents who used Mozilla Firefox Web browser to access the live 
survey encountered a problem which meant they could not complete the survey (see Section 
6.5).
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6.4.2 Participant Recruitment
Following the amendments made as a result of the pilot study, the final Web survey was ready 
for operation by mid-October 2007. A number of approaches were taken for recruiting 
prospective participants. Firstly, each contact in the database of landscape/environmental 
consultants, planning officials and academics that were used for the LVIA survey (Chapter 3) 
was sent an invitation email which included the survey URL and their unique log-in details 
that had been entered into the SQL database on the Web server. As discussed previously, a 
dedicated email address was set up to send and receive emails for this purpose 
(visualimpact@glam.ac.uk). The initial database of 151 as used in the LVIA survey had 
subsequently been increased to 274 as more contacts were made during the course of the 
project. In addition, two groups of students from the University of Glamorgan, totalling 60 
prospective participants, were given details of the survey and asked to complete it either as 
part of their scheduled practical sessions or in their own time (discussed further in Section 
6.5).
Several members of the public that were known to the researcher, through field visits to the 
study area, that had expressed an interest in taking part in the survey were also contacted by 
email and invited to participate. As well as individual invites sent to participants, general 
invitations were advertised on the University of Glamorgan intranet and a local newspaper in 
the project study area, The Pontypridd and Llantrisant Observer, ran a story on the survey 
which was designed to encourage people to participate (Figure 6.14). The newspaper article 
elicited over 30 requests for log-in details from members of the public while the intranet 
notice generated over a dozen responses. The survey was run for a period of almost three 
months until early January 2008 when the rates for participant log-in requests and survey 
completions slowed to the extent that it was felt there would be little gained in allowing the 
survey to run further. The raw survey data was exported from the survey.db SQL database on 
the Web server to a Microsoft Access database, where it was analysed and visualised using 
Microsoft Access and Microsoft Excel software. Overall results relating to general survey 
statistics such as response rates and respondent analysis are presented in the following 
section.
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Thursday, November 29, 2007 local news
Get a better look 
at the blueprints
by MATT THOMAS
mall Inun 1 MWfilesco.uk
A NEW wehsiu- has yunc online 
aimed at making planning ap- 
plicntions - such a\ the con- 
(rovfn.ial (filfach Goch wind- 
farm - mure accessible to (hi 
public.
Robert Berry, a PhD candid. 
;it the University of Glamorg; 
has set up the wcbsitc. biased 
the (Jilfach development. as p 
of a study into the ways the \\ 
can be used to improve levels 
public participation in the plan 
ning process.
"Normally, planning inform­ 
ation is reacted to these large 
stuffy documents." said Mr 
Berry, aged 32.
"And when it is presented al 
public meetings, sometimes it is 
hurd for people to gel to them. 
due lo the fact that the meetings 
may he held in working hours or
PICTURE THIS: Will we be 
able to view planning 
applications online in the 
future?
in just one locution for a limited 
period of time.
"We hope thai il will be of use 
to ajiyone who is interested in 
the \s uidfarm, or planning issues
in general "
He hopes lo allow people 
greater access to the information 
ihrough web pages, like the ones 
he has put up on the university's 
servers
"If you would like to take part 
in our study, e-mail me at my 
university address and we will 
supply you with a password so 
\ou can get started," said
'i'th-year research sludent Mr
( Mice you have logged into 
ili.; Mte, you will be taken through 
a number of different visualisa­ 
tions of ihc development, in­ 
cluding animated 3-D models 
and photo-montages.
"You will then oe asked to rate 
each method of depicting the 
wind turbines out of five for 
clarity, ease of use and other 
faclors."
To sign up for the study, e-mail 
Robert Berry on RAB- 
crry f*'i glam.ac.uk to receive Ihe 
web address as well as your 
log-in and password.
Figure 6.14 Newspaper article that appeared in the Pontypridd and Llantrisant Observer
6.5 General Survey Statistics
From the total of 469 potential users that were entered into the survey database, a total of 162 
(35%) started the survey. Responses were designated 'complete' if the respondent had 
reached and submitted answers to the 'Final Questions' page (the last page of questions in the 
survey), but not necessarily answered all of the questions in the survey. Of the 162 
respondents that started the survey a total of 115 (71%) reached the Final Questions page and 
submitted answers. Forty-seven (29%) respondents dropped out and did not complete the 
survey. Figure 6.15 shows these general survey response statistics.
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No. of drop outs
Figure 6.15 General respondent figures
Figure 6.16 shows an analysis of those respondents that submitted incomplete questionnaires 
and dropped-out before the Final Questions page. The number of drop-outs on each page is 
shown.
Web Page (Start-Finish - Left to Right)
Figure 6.16 Distribution of survey drop-outs
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Of the 47 non-finishers, the highest drop-out rate was seen on the 3D Image Evaluation page, 
where 19% of non-finishers dropped-out. Although no feedback was left on the survey 
database explaining the problems, several respondents emailed to explain that they had been 
unable to submit their answers on this page and progress further. An investigation revealed 
that this problem was due to a formatting error on the Web page which meant that 
respondents using Mozilla Firefox Web browser were unable to submit their answers. The 
problem was not highlighted during pilot testing but was resolved and a notice was added to 
the Introduction page on the survey which advised participants to run the survey using 
Internet Explorer Web browser to avoid any future problems that might occur when using 
Firefox. A cluster of drop-outs, accounting for 21% of non-finishers was observed on the ZTV 
Map and ZTV Map Evaluation pages.
Feedback via the survey Web forms and email from a few respondents suggested that this was 
partly due to problems with the map download. A small number of users commented that the 
Web map was either very slow to download, which put them off completing the rest of the 
survey, or the map did not show at all. Although the maps performed satisfactorily on 
broadband connections with modest bandwidths in testing, users with poorly performing 
connections or dial-up connections obviously experienced problems. This probably accounts 
for a number of the users that dropped out during the wireframe evaluation stage also, but 
there is no user feedback to confirm this. It is entirely possible that some respondents, 
particularly those that reached the latter stages of the survey and dropped out, simply did not 
have the time or inclination to complete the survey. Regardless of the length of the survey, 
there will always be participants who are unable to devote the time necessary to complete the 
survey and there will inevitably be a number of respondents for whom the survey is simply 
not of sufficient interest.
As discussed previously, it was acknowledged that by any standards the survey was a lengthy 
one but given the feedback that was received in the pilot study it was thought that it would be 
possible to achieve the specified 50% completion target rate. The final completion rate of 
71% was above expectations. Feedback from students participating in the survey as part of 
their lab-based practical sessions suggested that the contentious and well-publicised issue of 
wind farm planning coupled with the 'fun' aspect of interacting with online maps and 
different visualisation tools made for an interesting experience which tended to hold their
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attention. Obviously, the fact that many of the respondents invited to participate in the survey 
had a professional interest in LVIA and PPGIS issues contributed to the favourable 
completion rate. However, perhaps the most telling statistic here is that 100% of the members 
of the public that started the survey completed it, possibly an indicator of the importance of 
the planning application locally. The built-in functionality that allowed participants to 
complete the survey over multiple sessions probably had a positive effect on the completion 
rate.
Some basic statistics showing survey completion times can be seen in Figure 6.17. The 
analysis does not include figures for respondents that completed the survey over multiple- 
sessions as the start and finish time stamps were reset in the SQL database for subsequent log­ 
ins. The average time to complete the survey was 27 minutes, which represents a considerable 
investment of time for participating in a Web survey.
Shortest Average Longest
Figure 6.17 Survey completion times (discounts multiple log-ins)
6.5.1 Respondent Analysis
This section presents an analysis of the responses to the User Information questions (with the 
exception of Group Type). As discussed in the Survey Design section (Section 4.3.2), the
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purpose of these questions was to collect relevant socio-demographic information from the 
respondents which would (a) help to understand the composition of the respondent group as a 
whole and (b) could be directly cross-tabulated with responses to the visualisation tool 
evaluation and participation questions to enable the identification of any interesting 
relationships that might exist.
6.5.1.1 Group Type
As explained previously, respondents were allocated into one of five main groups; academics, 
local government planners/officials, LVIA-related professionals, general public, and students. 
The group to which each respondent belonged was not determined by a response on the User 
Information page, but was allocated at the registration stage of the survey when the user was 
assigned log-in details. Figure 6.18 below shows the percentage of respondents in each main 
group.
Academic Student
Figure 6.18 Respondents by group
Nearly half of all respondents (48%) were students from the University of Glamorgan. The 
majority of these students were undergraduate Geography students studying modules in GIS
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and postgraduate students studying for an MSc in GIS at the University. The students were 
given log-in details for the Web survey and had the option of completing it in one of their 
scheduled laboratory practical sessions or in their spare time from home. The remaining 
students were those that responded to survey invitation notices posted on the University of 
Glamorgan intranet. In retrospect, it would have been interesting to conduct a detailed study 
of the experiences of those that undertook the survey in supervised workshop-type 
environments and those that were unsupervised. One-fifth of the survey respondents were 
from the general public which was the next largest group. There were an equal number of 
respondents in the LVIA and Academic groups (13% respectively) and the smallest group was 
the local government officials/planners (Gov) with 6% of the total respondents.
6.5.1.2 Age
Figure 6.19 shows the age distribution of the respondents and shows the proportion of 
respondents in each main group within each age range.
16-24
10 20 30 
% Responses
40
Figure 6.19 Respondent age distribution by group
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As the majority of respondents were from the Student group, it is not surprising that the 16-24 
year old age group accounts for almost half of all respondents, although this age group also 
contains the greatest proportion of respondents from the public group (8 from a total of 23). 
Unfortunately there were no respondents in the '16 and under' age range so this category is 
not shown in this or any subsequent analysis, but all other age ranges are represented with 
second highest being the 35-44 age range and the lowest 65 and over age range. There were a 
total of 9 respondents over the age of 55, the majority of which were academics. Aside from 
the Student group, there is a useful distribution of respondent group types over the various age 
ranges. Age ranges were based on an equal-interval distribution of values with the exception 
being the ' 16 and under' age group.
6.5.1.3 Occupation
During the design stage it was thought that it would be useful to compare respondents' 
occupation with their responses to the visualisation and participation questions. However, 
very low numbers of respondents in some job categories meant that comparing the 
relationship between occupation and other responses would not yield any statistically 
significant results. For example, Figure 6.20 shows the percentage of respondents in each 
occupation category for the whole respondent group. Again, as expected, nearly half were 
students and a third classed themselves as professionals. In contrast, there were very few 
respondents in the other categories with the exception of the associate professional/technical 
group (9.6%). As a result, occupation type was precluded as a respondent characteristic in the 
subsequent analyses.
Figure 6.21 shows the distribution of occupation types within the public respondent group. 
Although there are a small number (2) of students in this group, the occupation types are more 
evenly distributed without the main student group included. The well-represented groups are 
the professional and technical groups. However, the overall number of respondents in the 
public group (23) meant that values in individual occupation categories were too low to yield
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any meaningful cross-tabulation analysis. The results however do show that there is some 
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Figure 6.21 Public respondent group by occupation
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6.5.1.4 Experience of Using Computers and the Internet
Respondents' ranked their experience of using computers using and the Internet (ICT 
experience) on a scale of 1 to 5, with 5 being an expert user and 1 a complete novice. Figure 
6.22 shows the distribution of ICT experience by group type for the entire respondent group. 
It can be seen that there were very few respondents with limited ICT experience. Only 4 
respondents classed themselves as beginners (3.4%) and none of the respondents identified 
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Figure 6.22 Experience of computers and the Internet by group
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6.5.1.5 Familiarity with the Study Area Landscape
Respondents' familiarity with the landscape in the study area was ranked on a scale of 1 
'completely unfamiliar' to 5 'very familiar'. Over one-third of respondents were completely 
unfamiliar with the study area landscape (see Figure 6.23). This was not surprising as many of 
respondents from the LVIA and academic groups that were invited to take part were known to 
be based in diverse areas both regionally within the UK and internationally. The majority of 
those with the highest levels of familiarity were respondents from the public group.
5 10 15 20 25 30 35 40 
% Respondents
Figure 6.23 Respondents familiarity with the study area landscape by group
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6.5.1.6 Study Area Residency
Figure 6.24 shows the proportion of respondents (by group) that indicated they resided within 
the study area. There were a total of 21 respondents (18.3%) living in the study area, the 
majority of which were members of the public (14) with respondents from the student group 
(6) and Gov (1) groups making up one-third of study area residents. It was important for this 
study that there were as many 'locals' in the respondent group as possible to allow a 




Figure 6.24 Number of respondents resident in study area by group
Of the 21 respondents resident in the study area, over one-half (13) had been living there for 
less than 5 years (Figure 6.25). There are a fairly high proportion of students in this group, an 
indication of the area's proximity to the University of Glamorgan and a result of responses to 
intranet-based notices calling for participation from University staff and students living in the
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study area. The distribution is however skewed with insufficient numbers of responses in 
other duration categories, although the results do show a wide range of values. This precluded 
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Figure 6.25 Number of years resident in study area
30+
6.5.1.7 Wind Farm Planning Meetings/Exhibitions Attended
Figure 6.26 shows the percentage of respondents (by group) that had attended a public 
planning meeting/exhibition for a proposed wind farm. A total of 24 (20.9%) of respondents 
replied that they had attended a meeting. Respondents from each main group had attended a 
meeting with the highest number from the public group (8.7% of the total respondents). The 
LVIA group had highest proportion of respondents that had attended a meeting as would be 
expected for professionals working in this field.
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Figure 6.26 Number of respondents that have attended a public planning meeting/exhibition for a proposed wind 
farm
Although the particular events to which people attended were not elicited, it is likely that a 
large proportion of the 'public' respondents had attended meetings/exhibitions for wind farms 
proposed within the study area, though this is was not specifically examined in the survey.
6.5.1.8 Views on the Development of Onshore Wind Farms
As Figure 6.27 shows, a large proportion (47.8%) of respondents indicated they were 'for' the 
development of onshore wind farms, with only 7% against. The majority of respondents from 
the public group were in favour of the development of onshore wind farms. Some local 
government officials and LVIA professionals indicated that they were unable answer this 
question as they had to be seen to act without bias in this issue, though there were no 'against' 
responses recorded in either of these groups.
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Figure 6.27 Respondents view on the development of onshore wind farms
6.6 Summary
This chapter has reviewed the final part of the Web survey methodology including Internet 
mapping and website development, pilot testing of the website, approaches taken to raise 
awareness of the survey and the analysis and presentation of general response statistics. 
Section 6.2 focused on the development of the dynamic Web maps using a combination of 
ArcIMS 9.2 IMS software and Visual Studio 2005 IDE software and described how the use of 
up-to-date visual map tools were used to create custom-designed maps within ASPX Web 
forms. It showed how the maps were used to deliver the visualisations (Chapter 5) to survey 
participants via HTML hyperlinks contained in dynamic JavaScript 'map tip' windows that 
represented the location of visualisation viewpoints and/or animation paths. Section 6.3 
provided an overview of the general Web survey development, including a description of the 
website architecture and a 'page-by-page' guide to the website that explained the purpose of 
each page, highlighted the relevant design and programming features. Tables were used to 
show the wording of the questions (participant background information, tool evaluation and
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participation questions) and the accompanying closed-ended answer options and screen-shots 
showed the design layout of selected pages.
Sections 6.2 and 6.3 represented the final stages of the Production phase of the methodology 
whilst Sections 6.4 and 6.5 describe the Implementation phase which included a description of 
the survey pilot study, the measures taken to recruit survey participants and the running of the 
web survey including a presentation of overall response statistics. The main theme arising 
from the pilot study was the concerns amongst a majority of participants regarding the 
quantity and complexity of textual information describing the processes behind the production 
of the visualisations including details of the software and data used to create them. As a result, 
much of the material was dropped from the survey and completion times were consequently 
almost halved. Other minor amendments were made to the map design and SQL coding errors 
were corrected. A number of approaches were adopted for raising awareness of the survey and 
recruiting participants including email invitations, intranet notices, a newspaper article and 
handouts at student lab sessions. The survey ran for almost three months and an analysis of 
the general survey statistics was presented which described overall response rates and drop­ 
out rates and the make-up of the survey respondents based on an analysis of participant 
background information.
The development of the survey website represented a major phase of the research and 
accounted for a similar proportion of time spent on the project to that of visualisation 
production. The following two chapters present an analysis of the visualisation tool evaluation 
results (Chapter 7) and the participation question results (Chapter 8) with a further discussion 
of the survey results and their consequences for future related research and critical appraisal 
of the approach included in Chapter 9.
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7.1 Introduction
This chapter focuses on presenting and discussing the analysis of the visualisation tool 
evaluation results. As described previously in Chapter 4 and Chapter 6, each of the six 
visualisation tools was evaluated in turn using the same four questions for each so that direct 
comparisons could be made between them. The chapter is therefore divided into four main 
sub-sections based on the analysis of the responses to each question. Each sub-section is 
similarly structured. Graphs showing an overall quantitative rating for each tool (based on 
average score) for the whole respondent group are presented and a discussion of the results 
follows which draws on a cross-tabulation analysis of the tool evaluation results and 
respondent characteristics. The themes that emerged from an analysis of the free-text 
responses help to expand on the findings. Note: from the 115 valid 'complete' responses to 
the questionnaire, 100% of the respondents used and evaluated ZTV maps, wireframes, 
photomontages and 3D still images but only 112 respondents (97%) posted responses for the 
3D animation evaluation while the 3D model responses amounted to only 23% of the total 
respondent group. Reasons for this are discussed later on in the chapter. This chapter mainly a 
descriptive analysis of the results whilst the significance of the findings in relation to previous 
research is discussed in more detail in Chapter 9.
7.2 Clarity of Understanding/Interpretation
Tool Evaluation Question 1 - "How clearly do you understand/interpret what the 
[visualisation tool] is showing you?
As with all of the tool evaluation questions, respondents were asked to rank each tool a 
semantic difference scale of 1 to 5. In this case respondents ranked the tools depending on 
how clearly they understood/interpreted what the tool was trying to convey, where 1 was 
'very difficult to understand/interpret and 5 was 'very easy to understand/interpret'. Table 7.1 
shows the mean overall scores for the whole respondent group. As mentioned previously, in 
addition to ease of understanding/interpretation of the method of visualisation, it was 
anticipated that respondents would provide feedback on the user-friendliness of the tool 
interfaces and website GUIs and functionality in general. When the responses were analysed
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it was apparent that there were a large number of comments relating to tool and website 
usability issues posted throughout the survey. These comments are synthesized to form a 
separate section dedicated to user-friendliness issues in the following chapter.
Table 7.1 Mean overall scores regarding clarity of understanding of the visualisation tools 

























Photomontages were the most clearly understood tool with an average overall score of 4.66 
and also show the lowest overall variance of responses (0.42) suggesting that they were 
consistent ranked highly while ZTV maps were the least clearly understood with a score of 
3.41. 3D still images and animations scored similarly behind photomontages with wireframes 
slightly lower and the 3D model second from bottom. It can be seen from respondent group 
cross-tabulation (Figure 7.1) that although the ZTV Map is ranked lowest overall it does not 
perform worst within the LVIA and Public groups where the 3D model scores lowest, 
whereas photomontages are consistently ranked the most clearly understood tool by all 
groups. The free text comments that accompanied the quantitative answers provide useful 
insights that help expand on the results. It was clear that respondents from all groups had 
issues understanding different aspects of the ZTV map. There were several comments from 
those familiar with ZTV maps in the Academic and LVIA groups that found the colour of the 
ZTV banding less than ideal which affected their understanding of the map.
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• Academic (15)





ZTV Map Wireframes Photomontages 3D Stills 3D Animations 3D Model
Figure 7.1 Mean scores by respondent group type regarding clarity of understanding of the visualisation tools
Some LVIA experts suggested that there should not be similar colours (red and violet) on 
either end of the scale and the hue of the colours in the key on the map did not match due to a 
level of transparency being set on the ZTV layers so that the underlying OS maps were 
visible. Though these issues were not raised during pilot testing, and best practice guidelines 
for the creation of ZTV maps was adhered to as much as possible, these must be recognised as 
minor design flaws that probably account for a low score amongst those most experienced in 
interpreting such maps. Such technical points were not raised to the same degree within the 
other groups. The Public group, not as acquainted with the use of ZTV maps, commented less 
on issues of design detail and more on the understanding of the concept behind the maps, the 
difficulties of trying to visualise that message and problems of 'information overload'. 
Comments such as "lots of information to digest -when you first see it -put me off looking in 
more detail" and "I wasn't really sure what I was meant to be looking for" were typical. The 
Student group rated ZTV maps almost as highly as the LVIA group, as the Student group 
included many GIS students who would have been familiar with viewshed mapping in a GIS. 
Some respondents thought that the map viewer area was too small. This point was raised 
throughout the survey by various respondents and is discussed further in section 8.6.
Though much more easily understood than ZTV maps by all groups, one of the main 
problems interpreting wireframe diagrams was the lack of information in the visualisation 
rather than too much. A perceived lack of reality in the wireframe or lack of reference to a 
more real world view of the landscape meant that it was understandably less easy to interpret
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than those tools showing more landscape detail. Some LVIA respondents commented that a 
wireframe diagram would normally be presented along with a photomontage of the same view 
to aid interpretation and one public respondent thought that "an accompanying photograph 
would be useful to provide a sense of scale." As discussed in Chapter 3 and Chapter 4, 
anecdotal evidence from public wind farm planning meetings/exhibitions attended by the 
author suggests that presenting wireframes and photomontages together, though part of the 
advice in best practice guidelines, is not always carried out in reality and a decision was made 
to evaluate these tools independently to reflect this.
Photographs are an every-day form of visual media and there can be very few people 
unfamiliar with viewing and interpreting them. Photomontages therefore score highly in all 
groups and highest overall (4.66) and the open comments reflect this ease of understanding 
with remarks such as "very clearly understood" and "clear and easy" being typical of most 
respondents in all groups. The comments were almost all positive, which is reflected in the 
low variance score, apart from a couple of LVIA professionals who commented that ideally, 
photomontages should presented in conjunction with wireframes to achieve the a better 
understanding of a proposal, although as one LVIA professional commented, "they are a 
good tool for public consultation exercises as people are very familiar with photographs. "
3D stills scored second-highest overall score (4.20) and many of the free-text comments 
reflected this with "easier to understand than wireframes, but not as easy as photomontages'" 
type responses posted frequently. It was clear that issues relating to the abstracted nature of 
the scenes compared with the photomontage made certain aspects of the 3D images less easy 
to understand. Several respondents mentioned that the ground surface cover as represented by 
the aerial photo overlay could be off-putting and disorientating from viewpoints where it 
occupies a large proportion of the foreground. This is probably due to a lack of foreground 
elements on the flat pixelated surface at certain viewpoints where there are no surface features 
modelled to give a sense of scale and location of the view. Other respondents commented that 
they did not know if the vegetation and building models were meant to be merely symbolic or 
whether they were meant to represent reality and this affected their ability to interpret the 
images. Overall however, the 3D still images were generally well understood and interpreted.
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3D animations were rated almost equally to 3D still images but slightly lower with a score of 
4.18, although they are rated more highly than 3D still images by the Academic, Gov and 
LVIA groups. The Student group, containing almost half of all respondents, rated the 3D stills 
slightly higher which accounts for the 3D stills having a higher final overall result than the 
animations. There is little difference in the scores for the public group with 4.43 for still 
images and 4.39 for animations respectively. Most respondents' comments supported the 
suggestion that 3D animations were easy to comprehend although some technical points
regarding the speed of the animations and the camera settings that relate to perception and
I I understanding were raised by a few respondents in the LVIA group. While there are no formal
guidelines covering the use of 3D animations for wind farm visualisation, virtual cameras 
were set to mimic the naked eye as with the photomontages, and animation speeds modelled 
according to the preferences of the modeller (i.e. the author). Such points highlight the 
difficulty in modelling virtual landscape elements that are perceived in diverse ways by 
different individuals. Three respondents were unable to evaluate the animations due to 
technical difficulties.
Only 27 respondents submitted an evaluation for the interactive 3D model which scored 
second lowest (3.46) overall. Unfortunately, unresolvable technical problems related to 
security settings on computers with newly-installed operating systems in the University of 
Glamorgan IT labs where the GIS and geography students accessed the survey, prevented the 
NatureView 3D model program from being downloaded and opened. This meant that most of 
the students were unable to participate in the evaluation of the 3D model, apart from four non- 
GIS students that accessed the survey outside of the affected computer labs. As there was a 
limited window of opportunity for the lab-based students to participate in the survey it was 
not possible to re-schedule the sessions but it was thought that the number of responses for the 
3D model evaluation was adequate for the purposes of this analysis.
Interestingly, it can be seen that the LVIA group rate all the LV based tools lower then most 
of the other groups for ease of understanding with only the Gov group rating 3D still images 
lower. Given the nature of the free-text responses this might be attributable to a mix of 
affiliation for, and thorough understanding of, traditional LVIA techniques and a cautious 
attitude towards 3D LV-based outputs and the data and techniques used to create them, as it is 
unlikely that landscape professionals find these tools less easy to comprehend than the lay
212
Chapter 7 - Survey Results: Visualisation Tool Evaluation
public. This may account for the fact that the LVIA group posted the lowest overall scores for 
all tools.
The free-text comments for the 3D model were the most negative overall in terms of clarity of 
understanding and it was clear from the free-text comments (typical responses above) that 
respondents experienced difficulty in using the NatureView 3D viewer to the extent that it 
affected their understanding of the landscape model itself. Unlike with the other tools where 
there were a great deal of comments regarding the understanding of the visualisation format, 
the 3D model responses where overwhelmingly directed at the tool used to access it (i.e. the 
NatureView program); "Not very intuitive to use and therefore understand" being a typical 
comment.
The analysis of scores by age is shown in Figure 7.2. The pattern is fairly consistent across 
the age groups. Photomontages score highest in all but the 65+ age group, and although the 
opposite might be expected (i.e. perhaps older people might find it easier to interpret 
photographs than LV) there were only three respondents in this age group and so these 
findings may not carry a huge amount of significance. Interestingly, wireframes are rated 
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Figure 7.2 Mean scores by respondent age group regarding clarity of understanding of the visualisation tools
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Figure 7.3 shows the relationship of the results to the IT experience of the respondents. As the 
graph reflects, there is a general trend of increasing overall scores for all tools in each 
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Figure 7.3 Mean scores by IT experience regarding clarity of understanding of the visualisation tools
There was little indication of differences in understanding observed when the results are 
compared against the respondent's familiarity with the study area landscape (Figure 7.4), 
although those most familiar with the landscape (9 respondents) do score the ZTV map and 
3D model particularly low on clarity of understanding. Respondents that are resident in the 
study area also score these tools lower than non residents (Figure 7.5).
There were no major differences observed in the clarity of understanding of the visualisation 
tools between those that had previously attended public wind farm meetings/exhibitions and 
those that had not (Figure 7.6). However, it might have been expected that the ZTV map and 
wireframe diagrams for example may have been more easily understood by respondents that 
had previously attended a meeting and were used to such material but the opposite is the case, 
although there is not a large difference in ratings (e.g. ZTV Map: non-attendees = 3.46; 
attendees = 3.29).
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Figure 7.5 Mean scores by study area residency regarding clarity of understanding of the visualisation tools
Respondents' views on the development of wind farms do not appear to influence their 
understanding of the visualisation tools (Figure 7.7), although those against wind farm 
development did score their understanding of the ZTV map and 3D model lower than the 
other groups. The high score attributed to the 3D model in the 'undecided group' is not 
particularly indicative as there was only one respondent from this group that evaluated the 3D 
model.
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Figure 7.7 Mean scores by respondents' views on the development of onshore wind farms regarding the clarity 
of understanding of the visualisation tools
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7.3 Visual Landscape Character
Tool Evaluation Question 2 - "How effectively do you think the [visualisation tool] shows 
how the wind farm might affect the general visual character of the landscape in the area? "
As discussed previously, there are many factors that influence the character of a landscape but 
this question focused on the visual amenity and was concerned with how respondents' viewed 
the effectiveness of the different visualisation tools for assessing any potential changes in the 
overall visual character of the landscape in the study area. Table 7.2 shows the overall mean 
scores for each visualisation tool. Respondents' ranked the tools effectiveness for showing 
landscape impacts from 1 to 5 where 1 was 'very ineffective' and 5 'very effective'.
Table 7.2 Mean overall scores regarding effectiveness of the visualisation tools for showing landscape impacts 

























Photomontages score highest overall (4.22) whilst 3D animations were second (3.96) 
followed by 3D stills (3.74). The 3D model (3.27) scores higher than the wireframe diagrams 
(3.13) and the ZTV map is lowest overall (2.53). Photomontages show the lowest variance of 
responses and wireframes the greatest. A reasonably high degree of variance of responses was 
expected due to the highly subjective nature of this assessment but it is still a useful measure 
of the dispersion of responses around the mean value and serves to illustrate that the 
photomontages were scored the most consistently.
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Figure 7.8 shows the results of the respondent group cross-tabulation analysis. The ZTV map 
scored lowest overall in all groups and would have scored much lower overall if the Student 
group responses were not included. Their high score might have been influenced by their 
familiarity with using Web maps and their familiarity with interpreting viewshed outputs in a 
GIS, as most of their free-text responses were similar to that of the other groups i.e. generally 
dismissive towards the usefulness of ZTV maps for assessing changes in visual landscape 
character. This was likely as ZTV maps to do not provide any information, other than a 
topographic map, which might be useful for assessing changes in landscape character. As one 
LVIA respondent explained, "In assessment we usually separate landscape impacts (i.e. 
changes to visual landscape character) from visual impacts, and the ZTV map is in support of 
the visual part of the assessment. It just shows where it could affect the landscape and where 
it -will not do so directly. That is why I don't think it is the right tool to judge its effect on 
landscape character." This type of response was expected, especially from the LVIA 
respondents, and is a reasonable comment. Despite the fact that it is not a tool designed for 
assessing visual impacts and not visual character assessment it was felt worthwhile including 
the ZTV map in this evaluation in order to reaffirm this point and evaluate it alongside the 
other tools.
• Academic (15)
• Gov (7) 
O LVIA (15) 
n Public (23) 
8 Student (55)
• Overall (115)
ZTV Map Wireframes Photomontages 3D Stills 3D Animations 3D Model
Figure 7.8 Mean scores by respondent group type regarding effectiveness of the visualisation tools for showing 
changes in visual landscape character
As with the previous analysis, wireframe diagrams showed the highest levels of variance of 
responses and this is reflected in the distribution of overall scores between groups seen in 
Figure 7.8. There is a difference in the mean scores between the LVIA group and Student 
group for example. The free-text comments show that the LVIA respondents who use
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wireframe diagrams frequently as a working tool were more critical of it's effectiveness for 
assessing the visual character of the landscape, drawing attention to the lack of landscape 
character information in the diagrams: "The diagrams do not show the proposals in the 
context of the other landscape features (e.g. vegetation), they are purely topographical. 
Therefore we cannot gain a total picture of the impact of the proposals on visual landscape 
character." Whilst some comments posted by the student group mirrored these sentiments, 
many thought that the wireframes were useful: "Displays the outline of the hills [i.e. the 
landform] which give a sense of the nice countryside and puts the wind turbines in so I think it 
does show an impact on the character. "
Photomontages were ranked top by all groups and again the consistency of positive remarks 
posted by all groups reflects the low dispersal of scores around the mean as shown by the 
lower variance. Public respondents scored photomontages the highest (4.48) and the LVIA 
group also scored them highly (4.13) which was reflected in their free-text comments, for 
example: "Looking at the view also enabled us to see the grain and pattern of the landscape, 
the texture, colours, openness, built character, state of management etc, so these 
photomontages are helpful, so long as the view points are chosen with care and show enough 
of the landscape; Plenty of visual reference points via which the viewer/user can judge scale 
and relative impact on the landscape." A recurring theme running through the free-text 
responses was the realism of the photomontages, where respondents equated a 'real-life' 
photograph with the 'actual' landscape and scored the photomontages highly.
The importance of the viewpoint selection was raised by some respondents including one 
from the Gov group: "It's an effective way of showing how the wind farm may affect the 
visual character of the area, however only for given locations which are subjectively chosen, " 
and at least one respondent from each group commented on how the weather conditions at the 
time of photo capture might have an impact on assessing the visual character of the landscape. 
The time of photo capture was also thought important in terms of seasonal vegetation 
differences: "They provide good information, but may be skewed by seasonal vegetation, and 
snapshot will not be comprehensive. " Some respondents, particularly those from the LVIA 
and Academic groups commented on the lack of annotation of non-visual information in the 
photomontages and suggested that information such as distance from the wind farm and time 
of photo capture would help to assess the visual character more accurately. A number of 
respondents in the Academic group, though generally positive about the effectiveness of
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photomontages, drew attention to the lack of movement in the images: "...movement of the 
blades and parallax movement while driving/walking by would make these more visible and 
affect the visual landscape character. "
The 3D still images were ranked 3 rd overall behind photomontages and 3D animations with a 
core of 3.74. Respondents' comments reflected this overall ranking in relation to the other 
visualisation tools: "More helpful than a map for understanding how the turbines are 
positioned. But any interpretation in landscape terms would rely on having other 
knowledge"; "Provides a useful impression, but the elements of the landscape character are 
not as clear from these simulations as a photograph. " Most of the respondents commented on 
the inability of the 3D stills to deliver 'realistic' or 'actual' landscapes and therefore they did 
not score them as highly as photomontages as they lacked "fine-grained landscape detail 
necessary to show true visual character. " The LVIA and Gov groups scored 3D stills lower 
than the other groups while the Public group scored them highest, though some public 
respondents thought that the landscape was represented with insufficient realism for a proper 
judgement to be made on visual landscape character, "It looks artificial so is difficult to relate 
to the actual landscape " being a typical response. Only one public respondent thought that 
the 3D stills were "as useful as the photomontages. " One advantage over photomontages that 
was highlighted by some respondents was the ability to toggle between different weather 
conditions, but one Academic respondent thought that the "different conditions didn 't really 
seem much different". Only one respondent commented on the greater number of viewpoints 
offered by the 3D stills over wireframes and photomontages but this was to say that there 
were "too many images to choose from " rather than to comment on the advantages of having 
more viewpoints to judge changes in the visual landscape character.
3D animations were ranked 2nd behind photomontages with an overall score of 3.96. As with 
the 3D stills there is a notable difference of overall scores between the Public group who 
scored 3D animations the highest (4.26) and the LVIA group who's respondents posted the 
lowest overall group score (3.23). The Public respondents' free-text answers suggested that 
although many of them thought the animations were useful, some felt they were hampered 
with the same limitations as the 3D stills in respect of inadequate landscape detail. As the 
individual frames that comprise the 3D animations were more compressed than the 3D still 
images in order to keep the downloads to a manageable size, it is probable that even further 
detail was lost. However, the reason that 3D animations score more highly than 3D stills is
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almost certainly down to the movement in the animation, both of the turbine blades and the 
camera viewpoint itself. Respondents' thought it added an important extra dimension to the 
visualisations: "/ like the fact that you can move through the area and actually see the 
turbines and how their movement might distract your view from the local landscape", 
although a number of respondents identified limitations: "The animation length is too short to 
provide any benefit over a photomontage. If it were say a complete fly by then a more 
accurate assessment could be made " and "The walk throughs are probably a bit too fast to be 
called walk throughs and don't have enough foreground detail to be useful." The short 
duration of the animation, again a product of attempting to keep download times to a 
minimum, and the speed of the camera moving through the landscape, a factor controlled by 
the subjectivity and judgement of the modeller, are parameters that are probably impossible to 
'get right' to suit all users and their different perceptions and expectations. The LVIA group 
appeared split as to the merits of 3D animations. While some respondents thought that they 
did "not improve on the photomontage ", others agreed with the view that "they are useful 
and tend to give a reasonable impression of landscape character", although almost all 
acknowledge that the abstract nature of the landscape was a major limitation: "It's still a 
cartoon, not picking up the subtleties of a real landscape. "
From the 27 respondents that evaluated it, the 3D model was ranked 4th overall (3.27) for 
assessing changes in potential visual landscape character brought about by the development of 
the wind farm. Respondents from all groups were in agreement that the 3D model did not 
show sufficient levels of landscape detail necessary to make a well-informed decision on how 
visual landscape character might be affected. The landscape detail was necessarily generalised 
to a greater extent than that shown by the 3D animations in order to keep the model download 
to a sensible size. However, as one LVIA respondent commented, "It may help people 
understand the geography and location of the wind farm but would need to be familiar with 
the area in order to make any valid judgements on possible landscape impacts. " As with the 
previous evaluation, some users experienced difficult navigating through the 3D model using 
the NatureView program controls and this affected their ability to appraise the model: "/ 
found it a bit tricky to see what I wanted, a more advanced computer user would get a more 
effective indication of change of the landscape. " The 3D model received a top score from the 
Gov group although only one respondent from this group evaluated the model. No free-text 
comments were added by this respondent to help explain the reasons behind this high score.
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Figure 7.9 shows breakdown of the analysis by respondent age group. Some results worthy of 
note include the high score attributed to the 3D model by those in the 35-44 age group where 
the 3D model has a higher overall mean score than the 3D animations and the 3D stills. There 
were only a small number of respondents (8) that evaluated the 3D model in this age range 
and so it is difficult to draw any firm conclusions, especially as the respondents were made up 
of participants from all of the respondent group types. 3D animations perform well in the 55+ 
age groups but again, the low number of respondents in these age groups means that it is 
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Figure 7.9 Mean scores by respondent age group regarding effectiveness of the visualisation tools for showing 
changes in visual landscape character
The cross-tabulation analysis by respondents' IT experience (Figure 7.10) shows the similar 
ranking of tools across the groups apart from the beginner group that scores 3D animations 
ahead of photomontages, but there were only 4 respondents in this category. The bulk of the 
respondents, in the Intermediate and Experienced groups, rank the tools similarly and the 
Expert group ranked 3D LV-based tools highly, but also scored photomontages highly.
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Figure 7.10 Mean scores by respondent IT experience group type regarding effectiveness of the visualisation 
tools for showing changes in visual landscape character
Similar patterns of scoring were seen when the results were compared with respondents' 
familiarity with the study area landscape (Figure 7.11). There were no noteworthy 
relationships found, although those most familiar with the study area landscape do score ZTV 
maps very low. 3D animations score well in this group just below photomontages. One Public 
respondent who scored '5' for landscape familiarity thought that the 3D animations "were 
very useful for portraying the character of the landscape but are controlled, so the watcher 
feels forced to look in a certain direction, and may not be able to see a familiar view. "
The cross-tabulation analysis by study area residency (Figure 7.12) also shows that the 21 
respondents from the Residents group scored 3D animations higher than photomontages, 
whereas the non-residents group score photomontages higher than 3D animations. The free- 
text answers do not provide much explanation for this trend, with only a couple of responses 
from Public respondents offered: "The most effective " and "Very good but animations fail to 
show some important features that may be affected by wind farms, e.g. important plant 
communities. " However, it might be speculated that the high scoring of 3D outputs (3D stills 
also score well) by local residents could be connected to their greater familiarity with the 
landscape.
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Figure 7.11 Mean scores by respondents' familiarity with the study area landscape regarding effectiveness of the 
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Figure 7.12 Mean scores by respondents' study area residency regarding effectiveness of the visualisation tools 
for showing changes in visual landscape character
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There are also differences apparent between respondents that have previously attended a 
public wind farm meeting/exhibition and those who have not (Figure 7.13). 'Attendees' 
scored each visualisation tool lower than 'non-attendees'. An analysis of the make-up of the 
attendees shows that 50% of the group was made up of L VIA group respondents that tended 
to score the tools consistently lower than those in the other groups.
An analysis of results by respondents' views on the development of onshore wind farms 
(Figure 7.14) shows little notable difference in responses although those respondents 'for' 
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Figure 7.13 Mean scores by public wind farm meetings/exhibitions attended regarding effectiveness of the 
visualisation tools for showing changes in visual landscape character
225






• 3D Animation 
a 3D Model
Against (8) For (55) Neither for Nor Against (31) Undecided (16)
Figure 7.14 Mean scores by respondents' views on the development of onshore wind farms regarding 
effectiveness of the visualisation tools for showing changes in visual landscape character
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7.4 Visual Impacts
Tool Evaluation Question 3 - "How effectively do you think the [visualisation tool] shows 
the potential visual impact of the wind farm from different places in the area?
This question focused on effectiveness of the tools for assessing any potential direct visual 
impacts of the proposed wind farm from diffeient locations in the study area. As with the 
previous evaluation, respondents' ranked the tools from 1 to 5 where 1 was 'very ineffective' 
and 5 was 'very effective'. Table 7.3 shows the overall mean scores for each visualisation 
tool. Photomontages are ranked most effective with a score of 4.30 and show the lowest 
variance of responses. The order of the other tools is similar to the previous visual landscape 
character evaluation with 3D animations 2nd (4.05) and 3D stills 3 rd (3.80) but unlike the 
visual landscape assessment wireframes (3.44) are ranked higher overall than the 3D model 
(3.23). ZTV maps are the lowest-ranked tool with an overall mean score of 2.77.
Table 7.3 Mean overall scores regarding effectiveness of the visualisation tools for showing landscape impacts 

























Figure 7.15 shows the cross-tabulation analysis of the results by respondent group. The ZTV 
map scored higher for assessing visual impacts (2.77) than it did in the landscape character 
assessment (2.53). Some LVIA respondents' comments in the landscape character assessment 
suggested that ZTV maps were tools designed for visual impact assessment rather than aids 
for assessing visual landscape character and the they scored the ZTV maps substantially 
higher to reflect this (2.13 for visual landscape character; 2.80 for visual impact). However,
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respondents from all groups, including the public group, questioned the use of ZTV maps for 
assessing the visual impact of the wind turbines, suggesting that it only showed locations 
from which they were potentially visible not how they might look. As expected, those used to 
dealing with ZTV maps such as those in the LVIA and Academic groups noted the distinction 
between visibility and visual impact using professional terminology for example: "Visibility 
is just based on line-of-sight operations -whereas impact would be a combination of visibility 
and scale/obtrusiveness", whereas the Public respondents commented more in layman's 
terms but many of them still acknowledged the difference between the quantitative measure of 
visibility and qualitative vitsual impact assessment: "It provides a clear measurement of how 
much of the development will be visible from a certain viewpoint, but doesn 't accurately give 
an idea of how much of the turbine you 'II see, and whether it will impact on aesthetic views 
from different locations."
• Academic (15)
• Gov (7) 




ZTV Map Photomontages 3D Stills 3D Animations
Figure 7.15 Mean scores by respondent group type regarding effectiveness of the visualisation tools for showing 
visual impacts
LVIA respondents thought the ZTV map was useful as a quantitative tool but had reservations 
about whether the members of the public would be able to effectively interpret it. Many 
respondents in the Gov and LVIA groups noted that the map does not show the effect of 
distance on visibility and also commented that it was unclear as to whether the turbine hub 
heights or blade tip heights were used in the calculation. Feedback from the pilot testing of the 
website showed that some participants were confused by the explanation of the various height 
factors involved in ZTV calculation for wind turbines and it was therefore omitted from the 
main experiment and the worst case-scenario (i.e. highest point of blade tip) used. The 
Student group scored ZTV maps the highest (3.11), again possibly due to their inherent
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enthusiasm for GIS mapping and familiarity with producing viewshed outputs. Several 
respondents from different groups commented that ZTV maps are also unable to show the 
effect of the moving turbine blades, an observation commonly made for all tools apart from 
the 3D animations.
The wireframe diagrams' score and ranking was higher for the visual impact evaluation than 
the landscape visual character evaluation and was ranked above the 3D model. One reason for 
a higher overall score than the 3D model is that respondents found it difficult to navigate to 
places of interest using the 3D model controls and this had a major impact on the resulting 
scoring. This is discussed in greater detail further later in this chapter. The Gov group scored 
wireframes lowest (2.71) citing lack of realism in the scene as the main drawback preventing 
a proper assessment of visual impact to be made, while the Student group rated them highest 
with many respondents commenting on the improvements that wireframes offered over the 
ZTV maps but also acknowledging the lack of detail in the drawings: "they do not take into 
account other things that could block the turbines. " This sentiment was expressed frequently 
by respondents in all groups and is summarised by one LVIA respondent who thought the 
wireframes were " ...much better than the ZTV as the issues of visibility are addressed, but a 
lack of landscape texture is detrimental. " Despite this, many respondents especially those in 
the LVIA and Academic groups thought the wireframes were useful for representing the 
'scale', 'size' and 'proportion' of the turbines and some commented that they would be 
particularly useful for those already familiar with the landscape in the area.
Photomontages were again ranked more highly than the other tools with an overall score of 
4.30, slightly higher than their overall score for the visual landscape character evaluation 
(4.22). The lower variance of overall scores is reflected in the difference in scores between the 
LVIA group who ranked the photomontages lowest (4.00) and the Public group that ranked 
them highest (4.57), the smallest difference between 'lowest' and 'highest' groups for any 
tool. Respondents from all groups commented on the importance of the realism in the 
photomontage views, both in terms of the realism of the landscape and the realism of the 
rendered turbines: "Clearly shows the existing landscape in all its detail, plus realistic 
turbines, which makes it a useful tool for showing visual impact" being a typical comment. 
The terms 'real' and 'actual' were used frequently in respondents' comments though some 
respondents, particularly those from the LVIA and Academic groups exercised caution over 
the notion of photomontages representing reality.
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As with the visual landscape character evaluation, many respondents from these groups 
highlighted the deficiencies of photomontages, particularly the lack of temporal and physical 
dynamism in the images when attempting to portray a 'real' dynamic landscape view. As one 
LVIA respondent commented, "...photomontages are very clear but not 5points as these are 
static images of a moving impact and a changing landscape and atmosphere. " It is beyond 
the scope of this thesis to delve into an extensive examination of human perception and 
cognition of landscapes and landscape imagery but a recent report comparing wind farm 
photomontages to 'actual' visual perception found that there were many factors that were 
important for representing a 'real' view that could not be properly represented in a 
photomontage including visual movement, visual motion and peripheral vision, clarity and 
harmony, colour and contrast, scalability, dynamic range, form and shape, order, hierarchy, 
orientation and pattern and texture (Symonds Group Ltd. 2004). Clearly movement is an 
important factor, especially where wind farms are concerned as there is the added motion of 
the turbines to consider in addition to the dynamic processes operating in the landscape and 
atmosphere, a factor acknowledged extensively in other perceptual research (Bishop, 2002). 
One LVIA respondent thought it was important to convey the limitations of photomontages 
for representing reality in a LVIA scenario: " ...they show the visual impact as good as is 
possible on the Web or in a report. However we should always caveat that this experience 
may not quite represent the experience seeing the built development when standing on site. "
Comments made by Public respondents suggested that they were more willing to accept 
photomontages as representations of reality (reflected in their high score of 4.57) and 
focussed their comments more on the actual viewpoints themselves, some commenting that 
more viewpoints would be better. The choice and number of viewpoint locations was also 
discussed by Gov and LVIA respondents who highlighted the importance of selecting 
'representative' views, while some Academic respondents drew attention to the time and 
effort necessary to produce photomontages and saw this as a major limitation especially if 
wind farm plans needed to be altered and quickly re-visualised. Although some LVIA 
respondents commented that a computer screen was too small for showing photomontages 
effectively, respondents from all groups thought that the ability to view the images in digital 
form on a computer and to be able to switch the turbines on and off was a significant 
advantage of disseminating such material on the Web. Favourable comments were made
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regarding this functionality for displaying wireframes and 3D stills also, and it was generally 
thought to be useful for assessing the visual impact of the proposed wind farm.
3D still images were ranked 3rd overall behind 3D animations for showing potential visual 
impacts with an overall mean score of 3.80. However, before the survey was conducted it was 
thought that 3D stills might score better than 3D animations for assessing direct visual 
impacts from different locations due to the very large number (112) of ground-level views 
that were rendered from various key locations throughout the study area. Conversely, it was 
thought that 3D animations, with moving camera positions showing more of the overall 
landscape per 'run' than the single-image 3D stills, would be ranked higher for assessing 
changes in visual landscape character, as was proved the case in this evaluation. As with the 
visual landscape character assessment, the reason for the lower score attributed to the 3D stills 
may be explained by the lack of movement in the images. Respondents from all groups 
commented that this is a major limitation, but a couple of respondents from the Academic 
groups (working in research involving the use of 3D GIS for planning) thought that the 
potential to offer instant visualisation of changes to viewpoints, landscape features and turbine 
characteristics and layouts was a significant advantage over photomontages.
One public respondent thought that 3D stills were as useful as photomontages and one 
Academic respondent thought they were more useful, commenting, "better than the 
photomontage because these can be generated from anywhere and do not require a ground- 
level photograph. They could also be generated on the fly if necessary. " All groups scored 3D 
stills lower than photomontages, with many respondents commenting that the 'level of detail' 
and/or 'realism' in the images was insufficient to make a decisive judgement on any potential 
visual impacts using 3D stills alone but some thought that they were a valuable tool for 
supporting decision-making when used in conjunction with the other tools. The comments 
made by one public respondent summed up the views of many: "landscape is not as detailed 
as in photomontages, but it gives a good indication as to how the turbine would appear from 
a certain viewpoint despite looking a bit artificial. " The LVIA group scored 3D images the 
lowest (3.13). Their comments reflected the low score and they consistently made reference to 
the lack of detail in comparison to photomontages, although many of them did acknowledge 
that the high number of viewpoints and the ability to render views quickly was a useful 
attribute.
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One LVIA respondent commented that an advantage of having lots of viewpoints meant that 
people who lived in the study area could probably find a view that was of importance or 
interest to them and connected views would also enable the user to "trace the impact through 
the area." Issues regarding the modelling of the landscape features were also raised, mainly 
by LVIA respondents who highlighted the need for greater degree of surface feature and 
ground texture modelling to add further realism to the views. One LVIA respondent 
commented that wind turbines were not the only structures that would contribute to the visual 
impact of a wind farm, suggesting: "If going to the level of effort to produce a 3D landscape 
and turbines of this quality then access tracks, substations, overhead cables, etc. should all be 
shown." Several respondents, including those from the public group suggested that the 3D 
stills were much more convincing for viewpoints situated in the upland areas, where buildings 
and other surface features were less of an issue.
3D animations were ranked 2nd behind photomontages with a score of 4.05, a higher overall 
mean score than in the visual landscape character evaluation (3.96). Respondents from all 
groups commented on the movement of the turbine blades in the animation and noted this as 
an advantage over 3D stills and photomontages but many also commented that the lack of 
realism as compared to the photomontages meant that they were not as useful overall. The 
Gov (4.14), Public (4.17) and Student (4.18) groups all scored 3D animations highly whilst 
the LVIA group scored them notably lower (3.46). Again, the LVIA group respondents were 
concerned with the lack of realism in the landscape, as one respondent commented: "difficult 
to imagine the visual impacts unless you were already very familiar with the area. "
Many respondents from the Student and the Public groups who scored 3D animations highly 
thought that the different view point locations and perspectives were useful for showing the 
potential visual impacts from different locations, as one student commented; "the animations 
allow you to see things from many different angles thus giving you a better feel for its effect 
from places around the map. " Again, the viewpoints and animation paths themselves were 
also discussed frequently. Interestingly, some LVIA respondents offered contrasting views on 
the nature of the camera paths and animation viewpoints, particularly on the merits of high 
and low-level viewpoints. Some LVIA professionals thought that fly-by animations were not 
suitable for showing visual impacts as the viewpoints were irrelevant to most people 
concerned with the impacts on views at ground level, but some thought that a combination of 
fly-throughs and ground level animations were useful for describing potential impacts,
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although most LVIA respondents called for a greater proportion of 'walk-throughs' and 
'drive-throughs' at lower levels. As with the previous evaluation, some respondents 
complained that the movement along the camera paths was too fast and others thought that the 
rotation of the turbine blades was also too quick. Respondents' thought that fixed point 
camera animations that showed rotating blades but no camera movement were more relevant 
and useful for showing visual impact that changes in visual landscape character. Surprisingly, 
there was no mention of turbine shadow-flicker effects in any of the free-text responses and 
no respondents picked up on the lack of turbine shadow modelling in the landscape 
visualisation, though some respondents did criticise the lack of different weather conditions in 
the animations. As with all of the visualisations, ZTV maps aside, the subjectivity of 
viewpoint location was discussed, although most respondents who commented on this also 
thought that there were a good range of viewpoints to choose from.
The interactive 3D model was again ranked in last place, scoring lower overall (3.23) than in 
the visual landscape character evaluation (3.27). The LVIA group scored the 3D model a 
lowly 2.40; equally as low as the score they gave the ZTV map, whilst the Student group 
scored it much higher at 3.67. There was only one respondent in the Gov group that evaluated 
the 3D model, which accounts for the very high overall score of 4.50 for that group. The main 
theme to emerge from the free-text responses concerned the lack of 3D surface features such 
as buildings and trees that were left out of the model due to problems over download size, 
adversely affected the capability of the 3D model for showing any potential visual impacts. 
Although some respondents thought the 3D model was useful for showing an 'overall 
impression' of the wind farm and how it might impact visually in certain areas, it was not 
detailed enough to show visual impacts from specific viewpoints of interest to the user. As 
one Public respondent commented: "although it gives a small idea of how the landscape 
might be affected, it doesn 't show the realistic affects that trees/houses/buildings etc have on 
views." Another major issue raised by respondents from all groups was that navigating to 
points of interest to check the views to the wind farm was often problematic. Some said they 
struggled with the navigation controls and/or found locating their position in the model 
difficult. Several respondents commented that the turbines should really be animated in an 
interactive landscape model and a couple of respondents called for the functionality to allow 
the user to change weather conditions.
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An important theme to emerge from this and the other evaluation criteria was that a number of 
respondents from all groups thought that while each tool had its advantages and disadvantages 
the availability of a wider range of visualisation formats was a good thing and viewed the 
different formats as complimentary, although some added that the limitations and 
uncertainties must be conveyed to the viewing public, particularly for the LV-based 
visualisations. As one LVIA respondent commented "...more ways of assessing impacts can 
only be a good thing, but care is needed in the presentation of the information otherwise the 
credibility of the new approaches could be compromised. "
Photomontages scored highest in all respondent age groups and ZTV maps lowest (Figure 
7.16). In the 16-24 age group, with a large number of respondents, the 3D animations score 
highly, perhaps indicating an enthusiasm for 3D computer graphics amongst the younger 
respondents. The 65+ age group rate 3D stills on a par with photomontages and score ZTV 
maps very low although there were only 3 respondents in this category. The 3D model was 
rated highly by the 45-54 age group although again, there were only a few respondents in this 
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Figure 7.16 Mean scores by respondent age group regarding effectiveness of the visualisation tools for showing 
visual impacts
The overall results by respondents' IT experience can be seen in Figure 7.17. Photomontages 
are rated highest in all groups, though 3D animations are rated equally as high by the 
Beginner group although there are only 4 respondents in this group. IT experts' rated the 3D
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model notably more highly than any other group but there were only 2 respondents in this 
group that evaluated the 3D model, but comments made by some respondents did suggest that 
more experienced computer users would probably get more out of using the 3D model to 
assess visual impacts as navigation in the 3D environment was found to be difficult by those 
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Figure 7.17 Mean scores by respondents' IT experience regarding effectiveness of the visualisation tools for 
showing visual impacts
Patterns of scoring were fairly similar when the results were cross-tabulated with respondents' 
familiarity with the study area landscape (Figure 7.18). Those most familiar with the study 
area score the 3D landscape visualisation formats slightly higher than the other groups and 
higher than wireframes, although photomontages are ranked highest again for all groups. 
Commenting on the realism of the landscape modelling in the 3D still images, one respondent 
who entered '5' for landscape familiarity said that "the trees representing the large blocks oj 
forestry were very convincing, but less so for the 3D buildings and the trees in urban areas 
that seemed too small and few and far between. "
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1 (44) 2 (23) 3 (27) 4(12) 
1 = Unfamiliar - 5 = Very familiar
5(9)
Figure 7.18 Mean scores by respondents' IT experience regarding effectiveness of the visualisation tools for 
showing visual impacts
Figure 7.19 shows the overall scores for the effectiveness of the tools for showing potential 
visual impacts by study area residency. As with the visual landscape character evaluation, 
those respondents living in the study area scored 3D landscape visualisation formats higher 
than non-residents. Once more this raises the possibility that the respondents from the 
Residents group find the abstract computer-representations of the landscape more useful than 
those unfamiliar with the area as they are able to compensate for the lack of landscape detail 
with their own more intimate local knowledge of the landscape. On the issue of viewpoint 
selection in the area, one resident from the Public group commented that "The [3D still 
image] views are all pre-chosen, however there is a good choice of views, " and another said 
the 3D animation viewpoint selections were "sensible. "
Residents commented on the large number of viewpoints of both the photomontages and 3D 
stills compared to the official Fforch Nest LVIA which they thought was inadequate for 
describing potential impacts in the study area. However, some LVIA professionals questioned 
the methodology behind viewpoint selection. Photomontages were received well by local 
residents, one resident from the Public group thought they were "Excellent - clear and 
realistic impression from useful proposed viewpoints that takes account of existing vegetation 
and buildings ", and another commented; "Lets you see the proposal in the exact context of its 
surroundings, I'm impressed that not many turbines could be seen from the village."
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Figure 7.20 Mean scores by public wind farm meetings/exhibitions attended regarding the effectiveness of the 
visualisation tools for showing visual impacts
Figure 7.20 shows the overall mean scores distinguished by those respondents that have 
previously attended a public wind farm meeting/exhibition and those that have not. It can be 
seen that those respondents that have previously attended a meeting rate each tool lower than 
non-attendees. As mentioned in the previous evaluation, it is difficult to draw any firm 
conclusions from this analysis as half of the respondents in the Attendees group were LVIA
237
Chapter 7 - Survey Results: Visualisation Tool Evaluation
professionals that tended to score all tools lower than the other groups throughout this 
evaluation.
Figure 7.21 shows the overall mean scores by the respondent' views on the development of 
onshore wind farms. The only notable trend was that those 'against' wind farms rated the 
tools slightly lower than those that were 'for'. Although the numbers in the Against group 
were low it might be speculated that those who are opposed to the development of wind farms 
scored the tools lower simply due to the fact that they do not appreciate seeing images of wind 
turbines on the landscape! Half of the respondents in the 'Against' group were resident in the 
study area and a few of those respondents were known to actively campaign against wind 
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Figure 7.21 Mean scores by respondents' views on the development of onshore wind farms regarding the 
effectiveness of the visualisation tools for showing visual impacts
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7.5 Perceived Accuracy
Tool Evaluation Question 4 - How accurately do you think the [visualisation tool] showed 
the potential landscape and visual impacts of the wind farm?
As discussed previously, this question was designed to gauge the levels of confidence in the 
accuracy of the tools and assess respondents' awareness of uncertainties/inaccuracies in the 
visualisations, particularly differences in the awareness of uncertainty amongst members of 
the public and those respondents in the Academic, LVIA and Gov groups that were 
potentially more aware of accuracy issues. Determining if there were differences in the 
perception of accuracy between residents and non-residents was also thought to be important. 
Respondents' ranked the tools accuracy on a scale on 1 to 5 where 1 was 'very inaccurately' 
and 5 was 'very accurately'. Table 7.4 shows the overall mean scores for each tool. The tools 
are ranked in the same order as they were in the visual impact evaluation with photomontages 
(4.06) ranked top as the most accurate, and ZTV map (2.61) ranked lowest in terms of 
perceived accuracy. There is clearly a strong correlation between perceived accuracy and 
scores for landscape and visual impacts, although scores attributed to accuracy are lower 
overall.
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ZTV Map Photomontages 3D Stills 3D Animations 3D Model
Figure 7.22 Mean scores by respondent group type regarding perceived accuracy of the visualisation tools
Figure 7.22 shows that ZTV map was ranked lowest by all groups and was scored particularly 
low by the Gov and LVIA groups. Respondents from these groups were keen to pick up on 
the lack of supporting information regarding the resolution of the DEM used in the ZTV 
calculation which prevented them from making any firm judgement regarding the assessment 
of accuracy. As one LVIA respondent commented, "no criteria by which to judge accuracy 
available. It may be very accurate, it may not be ", and another noted that "The model would 
assume a bald earth surface, so trees, buildings etc wont be shown, which may hide the visual 
impact in places. But it is much better than nothing at all". One respondent from the Gov 
group commented that the experience of the individual interpreting the map was as important 
as the accuracy of the data, arguing that accuracy "would depend on the interpretative skills 
of the viewer."
The Academic group scored the ZTV map higher than the Gov and LVIA groups and higher 
than the overall mean. Their comments seemed generally less directed at the lack of 
supporting information and more focussed on the accuracy of the ZTV operation in general, 
for example on respondent commented: "Assuming it was generated with standard GIS 
viewshed techniques, it is accurate and reliable in showing where you can see parts of the 
wind farm from. " Public respondents on the other hand, did not raise the subject of a lack of 
supporting information, and only one respondent in the Public group questioned the process 
behind the production of the ZTV map: "not sure about the accuracy don't know enough 
about it. " Several Public respondents commented that the accuracy was 'good' and a third of 
public respondents that submitted free-text answers commented on the effectiveness of the 
ZTV map for showing landscape and/or visual impacts and did not comment specifically on
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accuracy. As mentioned in the Survey Design section, it was acknowledged that some 
respondents might have found this question to be ambiguous and this appears to have been the 
case with some of the Public group respondents.
Comments made by some members of the Student group also suggest that they had also 
scored the tools in terms of their overall effectiveness for showing impacts rather than rating 
the tool on how accurate they perceived it to be. For example one student commented that the 
ZTV map was "Fairly valuable to give an indicator of which areas will be most affected 
visually. " It is perhaps therefore prudent to assign less validity to the quantitative analysis for 
this particular evaluation for the Public and Student groups as there is evidence that some 
respondents did not understand the question. Despite this, the free text-comments for the 
Student and Public groups still provide useful feedback for qualitative analysis and help to 
determine the levels of awareness of uncertainty in the visualisations amongst members of 
these groups. Comments made by the Academic, Gov and LVIA groups were more focussed 
on the accuracy of the visualisations and therefore the quantitative evaluations of these groups 
would appear to be more robust.
A similar pattern of scoring was observed for the wireframe diagrams with the Gov and LVIA 
groups scoring them lowest. Again, many respondents in these groups, along with those in the 
Academic group highlighted the lack of supporting information regarding the resolution of the 
DEM used to produce the wireframe and the accuracy of the viewpoint recording in relation 
to their position on the base map. The Academic group scored wireframes higher than the 
Gov and LVIA group. Whereas most of the respondents in the Gov And LVIA groups said it 
was not possible to comment on accuracy due to the lack of metadata, several Academic 
respondents said that they thought the accuracy of the geometry and scale, if computed in a 
GIS, was likely to be high, for example: "Geometry is accurate but again lacks the accuracy 
of models that include intervening land cover as barriers to visibility and so are over­ 
estimates. "
Some LVIA respondents did however state that the wireframes were probably accurate but 
also added a caveat that extra information was required to make a firm judgement: "Okay but 
need interpretation and supporting technical guidance for accuracy of scale etc ". As with the 
ZTV map, only one public respondent commented on a lack of supporting information: 
"don't know how they were made difficult to say really." Other public respondents that
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commented on accuracy said they though the accuracy was good, but over half the 
respondents made comments that were not directly associated with the evaluating the 
accuracy of the wireframe.
Photomontages were rated highest in terms of perceived accuracy by all groups, and 
significantly rated highly by the LVIA group who rated them higher than the Gov and 
Academic groups this time. Although there were the usual concerns from the LVIA group 
regarding a lack of metadata for the visualisations, their comments were definitely more 
positive towards the accuracy assessment of photomontages than with any other tool. Several 
LVIA respondents said that if the photomontages were produced with dedicated wind farm 
photomontage software then the accuracy should be very high and a few respondents said that 
the accuracy was probably good but only for the conditions in which the photograph was 
taken. For example, one LVIA respondent commented: "Right shape, right landscape, right 
location, right height, all highly accurate, but the weather conditions, lighting and seasonality 
alter the view significantly, and so don't capture all this variation - it can therefore only be 
really accurate at the moment of photo capture!" Some respondents from the Academic 
group also thought that the accuracy of the photomontages was probably good including one 
that commented, "They combine the accuracy of the geometry afforded by the GIS with the 
realism of a photograph. "
As with the LVIA group, the respondents from the Academic group stressed the importance 
of supplementary information for describing the processes behind creating a photomontage 
which some said would be extremely important should these photomontages be used as part 
of an official assessment. As one respondent commented, "/ believe it to be accurate and 
reliable, but were I involved in a real consultation I would be interested to know exactly how 
the turbines were scaled to an accurate height for placement in the image. " Several Public 
respondents commented that they though the photomontages were accurate but only a few 
Public respondents questioned the lack of supporting information. One respondent replied, "// 
the maps are accurate then the view must be " and another said they would "have to assume 
its accurate." A large proportion of the respondents in the Student group commented that 
they believed the photomontages were accurate because they were based on a 'real' 
photograph, but like the Public respondents the technique used to locate and scale the turbines 
in the images was not queried, although a few students did comment on the lack of 
'seasonality' represented in the photomontages.
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3D stills were ranked behind 3D animations in terms of accuracy. Although the landscape 
model from which the two formats were rendered was identical it appears from the free-text 
responses that the added movement in the 3D animations gave a feeling of heightened 
accuracy for some respondents, particularly respondents in the Public and Student groups. 
Respondents from the Academic, Gov and LVIA groups again stressed the importance of 
including non-visual information for making informed judgments about the accuracy of the 
3D stills. As one Academic respondent commented, "As with photomontages - personally I 
know the technique can be very reliable but as a participant I would welcome the opportunity 
to find out more about how the images were made and the models scaled." A number of 
LVIA respondents said that they would need some personal experience of the area or a large 
number of photographs in order to confidently assess the levels of accuracy in the 3D stills. 
Many of the respondents in these groups highlighted the differences in their perceived 
accuracy of the turbine models and their layout, the accuracy of the terrain, and the accuracy 
and realism of the surface features and land cover.
Generally, the accuracy of the turbine models was felt to be high, but the detail in the 
landscape less so and several respondents commented on the contrast in accuracy between 
these elements. One LVIA respondent thought that the 3D stills were: "Accurate, in the sense 
of locations of turbines and geometry of the landform, but not trustworthy in the sense the 
computer generated landscape doesn't pick up on the character with all its quirks and special 
qualities. " Many respondents in the 'professional' groups said that foreground views were not 
accurate enough and questioned the accuracy of the 3D buildings and vegetation objects. 
Some remarked that it was imperative for these elements to be modelled accurately as they 
often have a large influence over potential visual impacts. Many respondents from the Public 
and Student groups compared the 3D stills to the 'real' photomontages and said they were not 
as accurate, though only one respondent from these groups said they would "need to know 
how these were produced" before they could comment.
The 3D animations were ranked 2nd overall behind the photomontages. The comments made 
for the previous 3D stills evaluation were similar for most aspects of the 3D animations which 
was not surprising given that both formats were rendered from the same landscape model. 
There were however additional comments on accuracy made in relation to the movement of 
the turbine blades and the lack of other movement in the landscape. While most thought the 
movement of the turbine blades increased the perception of accuracy one respondent thought
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that the speed of the turbine blades was too fast for accurately representing a real turbine and 
another respondent thought that the turbine blades became too pixelated and blurred when 
animated. A few LVIA respondents thought that if the turbines were rotating fast then the 
cloud models and trees should be animated to accurately portray the effect of a strong wind. 
As with all of the visualisations, many respondents called for more information relating to the 
methods and data used to produce the animations, however very few of these were from the 
Public and Student groups.
There were very few free-text comments made by respondents for the 3D model evaluation. 
Only one respondent from the Gov group evaluated the 3D model to which they assigned a 
maximum score for accuracy, but considering the feedback from the other respondents and 
the overall score of 3.12 this was something of an anomaly. Most respondents thought that the 
accuracy of the 3D model was low because there was a lack of surface features and the terrain 
appeared to be generalised and thus too inaccurate to make proper assessments of potential 
visual impacts and/or changes in landscape character. As one LVIA commented, "The 
landscape is too abstract for an effective accuracy evaluation. " Respondents from the LVIA 
and academic groups commented on the need for details relating to terrain resolution to be 
made available so that a fuller judgement could be made, while public respondents said it was 
hard to gauge the accuracy.
Figure 7.23 shows a cross-tabulation analysis of perceived accuracy by respondent age group. 
The analysis for the youngest age group (16-24) reflects the analysis of the Student group 
whose respondents make up this age group. The students rated 3D animations more highly 
than photomontages but as discussed previously, comments made by those in the Student and 
Public group suggested that some respondents did not properly understand this question. 
While it is therefore difficult to make any firm conclusions as to why they ranked the 3D 
animations highly, many respondents in these groups seemed to think that the movement of 
the turbine blades and viewpoints in the animations resulted in a more accurate representation 
of a 'real world' wind farm. Those respondents over 35 years of age scored the 3D tools lower 
in terms of perceived accuracy than those under 35 due to a higher overall proportion of 
LVIA and Academic respondents in these groups. The high score attributed to the 3D model 
is a result of the low number of respondents that evaluated it (2) combined with the 
anomalous scoring of the Gov respondent discussed earlier.
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Figure 7.23 Mean scores by respondent age group regarding perceived accuracy of the visualisation tools for 
showing landscape and visual impacts
Figure 7.24 shows the overall scores by the IT experience of the respondents. Given the low 
numbers of respondents in the Beginner group and the questionable validity of the overall 
scores for the Student and Public groups in this evaluation it is difficult to identify any notable 
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Figure 7.24 Mean scores by respondent IT experience regarding perceived accuracy of the visualisation tools for 
showing landscape and visual impacts
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Similarly, it was difficult to draw firm conclusions when perceived accuracy was cross- 
tabulated against respondents' familiarity with the study area landscape (Figure 7.25).
• ZTV Map
• Wi reframe 
D Photomontage 
n 3D Stills
• 3D Animation 
n 3D Model
1.0
1(44) 2(23) 3(27) 4(12) 
1 = Unfamiliar - 5 = Very familiar
5(9)
Figure 7.25 Mean scores by respondents' familiarity with the study area landscape regarding perceived accuracy 
of the visualisation tools for showing landscape and visual impacts
Overall scores for the perceived accuracy of each visualisation tool's accuracy by study area 
residency is shown in Figure 7.26. Despite the uneven group sizes, the overall scores are very 
similar for both groups. Again, given the uncertainties over the Public and Student responses 
to this question there is little scope for making any firm conclusions. There were very few 
free-text answers related to accuracy submitted by Public respondents that were resident in the 
study area but their comments were generally positive in terms of their perceived accuracy of 
the visualisations. One respondent commented that photomontages were "accurate and 
realistic as they are real photos ", and one thought that that the 3D stills "seemed accurate, 
but like the photos always a slight doubt as the choice of location." Another Public 
respondent from the resident group commented that the 3D animations were "generally 
accurate, but with some uncertainties, for example some of the buildings don't look right. "
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Non-residents 1 95) Residents (21)
Figure 7.26 Mean scores by study area residency regarding perceived accuracy of the visualisation tools for 
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Figure 7.27 Mean scores by public wind farm meeting/exhibitions attended regarding perceived accuracy of the 
visualisation tools for showing landscape and visual impacts
As with the previous analyses, the cross-tabulation analysis of perceived accuracy by wind 
farm meetings/exhibitions attended (Figure 7.27), shows lower overall scores for each tool in
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the in the 'Attended' group, due to the higher proportion of LVIA respondents in that group. 
LVIA respondents scored the tools consistently lower overall than those in the other groups.
The final cross-tabulation analysis (Figure 7.28) shows the overall scores for perceived 
accuracy against respondents' views on the development of onshore wind turbines. Although 
group sizes vary dramatically, the overall scores are very similar with perhaps the only 
notable trend being the low lower overall scores for photomontages, 3D stills and 3D 
animations submitted by respondents in the 'Neither For Nor Against' group. There are no 
obvious reasons for this but it might be speculated that respondents in this group with a more 
neutral stance respond less emotionally than respondents in the 'For' and 'Against' groups 
who react more strongly to images of wind farms, although this is impossible to ascertain 
without a deeper perceptual study.
nZTVMap 
• Wi reframe 
D Photomontage 
D 3D Stills 
H 3D Animation 
a 3D Model
1.0
Against (8) For(55) Neither for Nor Against (31) Undecided (16)
Figure 7.28 Mean scores by respondents' view on the development of onshore wind farms regarding perceived 
accuracy of the visualisation tools for showing landscape and visual impacts
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7.6 Summary
This chapter has presented and described the results of the parts of the survey relating to the 
evaluation of the visualisation tools. Each of the six visualisation tools included in the survey 
were evaluated using the same four criteria related to ease of understanding, effectiveness for 
assessing potential landscape character impacts and visual impacts and perceived accuracy. A 
general summary of the results is shown in Table 7.5 which shows the overall ranking of 
visualisation tools for each of the evaluation criteria.
Photomontages were consistently ranked the highest in each of the categories. Respondents' 
familiarity with photographs and their perception of the 'real-world' realism and accuracy 
which they conveyed meant that they were readily understood and were felt to best reflect the 
character of the landscape, however many respondents thought that they were temporally 
limited in the sense that they were only accurate at the time of data capture and some drew 
attention to the time and effort necessary to produce photomontages and saw this as a major 
limitation especially if wind farm plans needed to be altered and quickly re-visualised. 
Another limitation highlighted by many respondents was that they were a static representation 
of a 'moving impact' (i.e. wind turbines).
Table 7.5 Basic summary of visualisation tool evaluation results
Ranking
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3D animations were ranked 2nd highest in most categories apart from 'ease of understanding'. 
Although the animations were not thought as effective as photomontages for assessing 
landscape and visual impacts due the lack of real-world detail in the landscape model, the 
animated turbine blades and animated camera paths were thought to be a significant 
advantage and for this reason, 3D animations were generally preferred over 3D still images. 
3D stills were generally easily interpreted although lack of landscape detail, particularly in the 
foreground of the images meant that they were rated less highly than photomontages for 
assessing landscape and visual impacts as they were unable to pick up on subtleties in the 
landscape. However, the ability to show views in varying atmospheric conditions was thought 
to be beneficial as was the large number of viewpoints available.
Wireframe diagrams were rated more highly than the 3D model except for assessing changes 
to visual landscape character. It was clear that usability problems relating to navigation within 
the 3D model contributed to the low overall rating of the tool. Respondents found it difficult 
to navigate to specific locations in the 3D model which impaired its ability to show visual 
impacts, however respondents found it more useful assessing changes in the visual landscape 
character as it gave them a useful overview of the layout of the proposal in the context of the 
wider 3D landscape. It is important to note that the 3D model was evaluated by less than one- 
quarter of the total number of respondents.
Finally, the ZTV map was rated lowest in each of the four evaluation criteria. This reflected 
the fact that ZTV maps are a quantitative measure of visibility rather than a qualitative means 
of assessing landscape and visual impacts, although the inclusion of ZTV maps in the 
evaluation was thought to be useful in order to highlight this fact. Experience of attending 
wind farm planning meetings and exhibitions had shown that ZTV maps were sometimes 
presented to the public in the context of landscape and visual impact assessment, often as 
stand-alone tools and thus ZTV maps were included in the survey to reflect this. Some 
respondents also found the information contained in ZTV maps difficult to interpret and the 
amount of information overwhelming, although those more familiar with ZTV maps thought 
they were a useful tool when used in conjunction with the other types of visualisations.
More generally, many respondents thought that the different visualisation approaches were 
complimentary and the availability of a greater number of visualisation tools was viewed 
positively although some exercised caution that processes, limitations and uncertainties in the
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visualisations must be properly conveyed to the public, especially in the case of the newer 
LV-based visualisations. The themes arising from the results in this chapter are discussed in 
relation to previous research in Chapter 9.
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Chapter 8 - Web Survey Results: Public Participation 
Questions
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8.1 Introduction
This chapter focuses on presenting and discussing the results of the part of the survey relating 
to public participation and includes a section that summarises participants' feedback related to 
Web survey usability issues. User-friendliness was identified in Chapter 2 as one of a set of 
important factors in the success of ICT-based participatory approaches and it was felt 
important to include a brief summary of user-feedback in order to critically examine the 
survey and highlight issues that may need to be addressed in future research. The rest of this 
chapter is divided into seven main sections. The results of the Participation Questions are 
presented in the first five sections (Sections 8.2-8.6), the sixth section (Section 8.7) comprises 
a summary of the usability-related feedback and the final section (Section 8.8) is a summary 
of the chapter. Each of the five Participation Question results sections is structured in a 
similar way to the Tool Evaluation Question sections in the previous chapter. Overall results 
for each question are presented followed by a discussion of the results which draws on cross- 
tabulation analysis of the Participation Question results and respondent characteristics and 
themes raised by the free-text responses that help to expand on the findings. The overall aim 
of this part of the survey, as described in Chapter 4, was to assess the potential of Web-based 
approaches for enhancing public participation in wind farm planning. The questions sought to 
ascertain respondents' views on the potential of visualisation-based participatory websites for 
increasing and improving public participation and comparing the use of such approaches with 
those of traditional meeting-based methods.
8.2 Willingness to Participate via a Visualisation-based Participatory 
Website
Participation Question 1 - "If the kinds of tools that you have been shown in this survey 
were incorporated into a 'planning' website where you could explore a wind farm proposal, 
compare different wind farm layouts and share views with other people and the 
developers/planning authorities - do you think you would participate in this way? "
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Dont know No answer Possibly Probably
Figure 8.1 Percentage of respondents (overall and by group) prepared to share their views on a planning website 
based on Internet-based LVIA tools such as those presented in the Web survey
Figure 8.1 shows the overall results and the results by group for Participation Question 1. As 
mentioned previously, the purpose of this question was to ascertain the extent to which the 
participants would be willing to share their opinions on a wind farm 'planning website' that 
was designed around the type of Internet-based LVIA tools that were developed in this 
survey. It can be seen from Figure 8.1 that the respondents were overwhelmingly positive 
towards the potential of such an approach with 40.9% of respondents answering that they 
would participate and only 3.5% indicating that they would not. Of the remaining respondents 
27%, the next highest response, said that they would probably share their views while 24.3% 
replied that they would possibly voice their opinions on such a site. Very few respondents 
indicated that they were unsure (2.6%) while 1.7% of respondents did not answer the 
question.
Respondents in the Academic group were generally optimistic about the potential of such an 
approach, with one respondent, for example, suggesting that "this is a useful approach to 
broadening the public debate on wind farms, I would participate. " However some suggested 
that there would need to be reassurances that their opinions were being heard and called for 
mechanisms that would ensure that notice would be taken of responses that were submitted, 
while others were concerned that those without access to computers and/or those less IT 
literate might not have the same opportunities to express their views. Other respondents' 
emphasised the importance of the usability of online GIS tools and reliability of the website 
as important factors in the success of such a website. However, the results from the Academic
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group respondents reflect their overall attitude (and possible bias) towards the prospect of 
sharing their views on a planning website and support for the use of such tools in landscape 
planning with 73% of Academic respondents indicating that they would submit their views to 
a participatory wind farm planning website incorporating online LVIA tools. A couple of 
respondents thought that such tools would be useful during the pre-application stages of wind 
farm planning where developers could use such tools to work with the public to mitigate the 
potential landscape and visual impacts of a specific proposal. Both respondents thought that 
the most useful application for such a website could be to deliver visualisations of alternative 
wind farm designs and layouts and allow the public to vote and comment on the different 
scenarios resulting in further empowerment of the public in decision-making. The Gov group 
respondents were also receptive to the concept with 57% of respondents responding 
positively. Only two Gov respondents supported their answers with free-text comments, one 
said that they could not comment for policy reasons and the other commented that while they 
thought the LV modelling was unnecessary and "gimmicky", the photomontages and 
wireframes were helpful and the idea of hosting them via interactive maps was useful for 
engaging with more of the public.
The free text comments submitted by the LVIA group were perhaps the most mixed of all the 
groups reflecting the fact that the LVIA group submitted the highest proportion of negative 
responses and were the only group to submit a negative answer with the exception of the 
Student group. Some respondents thought that the idea behind such a website was good and 
they would be prepared to express their views but stressed that it was one of a number of 
approaches that should be used to gather the public's views, as one LVIA respondent 
commented: "I think this a very good way of allowing the public to make informed comments 
on a proposal - it is unrealistic to assume that all that wish to attend a public enquiry are able 
to do so. However it should not be the only method." Another respondent said that the 
Internet-based LVIA tools "fit right in" with the current drive by local governments to solicit 
opinion from more of their citizens but several also expressed concerns that such a website 
would be "... inundated with irrelevant or aggressive comments by either the pro or anti lobby 
groups." One respondent said that they would participate but only to submit a professional 
opinion on the tools that were being used and not to engage in the planning process itself. The 
two respondents that submitted negative answers expressed concerns about the lack of 
professional guidance regarding the interpretation of landscape character and visual impact 
information on the Internet, arguing that a trained 'landscape professional' should be on hand
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to explain the processes behind the creation of the visualisations and therefore they would not 
recommend the use of such a mechanism for gathering public opinion.
The comments made by the Public group were almost all positive, as reflected in the results 
presented in Figure 8.1, which shows that there were not any negative responses posted. The 
majority of Public respondents said that they would be prepared to use a website to post their 
views and some said that the Web-based visualisations gave them greater information which 
meant they could express their views with more confidence. One Public respondent said that 
"it would be a convenient way for me to get involved, " while another commented: "/ would 
give my point of view and I'm sure others would follow. " One respondent thought that Web- 
based visual information and the means to express a view on a development would be useful 
"not just for wind farms but for all sorts of planning applications. " However a few public 
respondents said that they would probably require some level of guidance in order to 
participate via the Internet.
The majority of respondents in the Student group indicated that they would share their views 
on a planning website and the free-text comments posted by the respondents in this group 
were positive, with many students submitting similar comments to one respondent who wrote: 
"/ would say 'Yes' definitely if I lived in the area affected, it would probably allow me to 
make a more informed opinion also." The word 'easy' was used frequently in responses to 
describe the ease at which information relevant to local people could be found and the ease of 
putting forward one's views via a website. This perhaps indicated that there was less of an 
awareness of the possible limitations of such an approach amongst the Student group than 
with the Academic and LVIA groups as none of the students raised the issue of the potential 
marginalisation of some stakeholders with many respondents responding similarly to one who 
commented: "this sort of website would allow everyone to get involved and make their 
arguments." However, comments submitted by some students for subsequent questions (for 
example Section 8.5) showed a high level of awareness in terms of the potential limitations of 
Web-based participation. Only 4% of respondents in the Student group submitted a negative 
response but there were no free-text comments made by these respondents to help explain the 
reasons why.
Figure 8.2 shows the breakdown of results for Participation Question 1 by respondent age 
group. Interestingly, the youngest (16-24) age group, made up almost entirely of students
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submitted the lowest proportion of definite positive replies than the other age groups, 
although the overall trend is still overwhelmingly in support of the use of such approaches for 
making their opinions heard. As the 16-24 year old age group is by far the largest respondent 
group, a more even distribution of answers might have been expected, although it might also 
have been expected to find that that respondents in this age group were keener to utilize 
Internet-based approaches. Although not reflected in the free-text comments perhaps there is 
an element of complacency and familiarity with the Internet amongst younger participants as 
the older age groups are generally more positive towards the possibility of engaging in the 
planning process using Web-based techniques, though admittedly some of the older 
respondents were known to have a background in participatory-related visualisation and GIS 
research and would be expected to be enthusiastic about the use of ICT for participation.
16-24 25-34 35-44 45-54 55-64
Figure 8.2 Percentage of respondents by respondent age group prepared to share their views on a planning 
website based on Internet-based LVIA tools such as those presented in the Web survey
Figure 8.3 shows the breakdown of results by respondents' IT experience. It is difficult to 
draw any firm conclusions about the willingness of those lacking in IT experience to 
participate via the Internet due to the low numbers of 'Beginners' and absence of 'Novices' 
although a trend can be observed which shows that respondents with increasing levels of 
experience in using computers and the Internet are generally more positive about the prospect 
of voicing their opinions via Web-based methods.
257









Beginner (4) Intermediate (38) Experienced(57) Expert (16)
Figure 8.3 Percentage of respondents by IT experience prepared to share their views on a planning website 
based on Internet-based LVIA tools such as those presented in the Web survey
The analysis of results by respondent's familiarity with the landscape study area is shown in 
Figure 8.4. Results are fairly similar for the different groups with the exception of those most 
familiar that submitted a much lower proportion of positive replies and a high number of 
'Possible' answers, although there are a low number of respondents in this group. This is a 
similar pattern to that shown in Figure 8.5 which shows the results by study area residency. 
Given the contentious nature of the Fforch Nest Wind Farm planning application in the 
villages within the study area it is perhaps surprising that residents are less positive about 
using Web-based approaches to participate than non-residents, although to put this into 
perspective the results show that residents are overwhelmingly enthusiastic about the prospect 
of participating in this manner, and there were no respondents from the Residents group that 
submitted a negative response.
Perhaps one reason that residents might be less certain about making their opinions known is 
that the Web tools in this study are only concerned with landscape and visual impacts and 
they might have other concerns which may be important and/or specific to the local area, as 
one local respondent from the Public group commented: "these tools just show visual impact 
and nothing else - need more information." Concerns that were highlighted during 
conversations with local residents included worries over the stability of the turbines and 
hillsides due to the history of coal mining in the area and concerns about the possible noise 
effects of the wind farm. These concerns were re-iterated by a couple of respondents in the
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Web survey. Another possible reason for a degree of hesitancy amongst residents may be 
related to some respondents having previous negative experiences of participating in the 
planning process, although this was not mentioned explicitly. Some may have reservations 








1 (44) 2(23) 3(27) 4(12) 
1 = Unfamiliar - 5 = Very familiar
Figure 8.4 Percentage of respondents by familiarity with the landscape study area prepared to share their views 
on a planning website based on Internet-based LVIA tools such as those presented in the Web survey
Non-residents (95) Residents (21)
Figure 8.5 Percentage of respondents by familiarity with the landscape study area prepared to share their views 
on a planning website based on Internet-based LVIA tools such as those presented in the Web survey
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There is very little difference in responses noted between those who had previously attended a 
wind farm planning meeting/exhibition and those who had not (Figure 8.6). It can be seen that 
the highest number of negative responses are found in the Attendees group, although this is 
explained by the presence of LVIA respondents in this group. It is interesting to note that 
those that have previously attended a meeting would be prepared to engage in the planning 








Not attended (90) Attended (24)
Figure 8.6 Percentage of respondents by wind farm planning meetings/exhibitions attended prepared to share 
their views on a planning website based on Internet-based LVIA tools such as those presented in the Web survey
Figure 8.7 shows the distribution of responses by respondents' views on the development of 
onshore wind farms. The highest number of negative responses are found in the 'Undecided' 
group, (mainly students) whilst the negative responses in the 'For' and 'Neither for nor 
against' groups were submitted by LVIA respondents. Of the respondents against the 
development of wind farms, none submitted a negative response.
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Against (8) For(55) Neither for Nor Against (31) Undecided (16)
Figure 8.7 Percentage of respondents by opinion on the development of onshore wind turbines prepared to share 
their views on a planning website based on Internet-based LVIA tools such as those presented in the Web survey
8.3 Potential for Increasing Public Participation
Participation Question 2 - " Would having such a website available make you more or less 
likely to make your opinions on a proposed wind farm known? "
Figure 8.8 shows the overall results and the results by respondent groups for Participation 
Question 2. As mentioned previously, the purpose of this question was to determine if 
participants would be more or less likely to participate in the wind farm planning process if an 
official website incorporating LVIA tools such as described in the previous question was 
made available for a planning application.
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Less likely Don'1 know More likely No answer
Figure 8.8 Percentage of respondents (overall and by group) that would be more or less likely to participate in 
the wind farm planning process given access to a LVIA tool-based participatory website
The results show that respondents from all groups overwhelmingly believed that a LVIA tool- 
based participatory website would make them more likely to participate (78.3%) with only 
one-fifth responding indicating they were unsure and not one response indicated that a 
participant would be less likely to participate. A very small number (2.6%) did not answer 
this question. The free-text comments submitted by those in the Academic group reflected the 
fact that the highest proportion of positive responses was submitted by respondents in this 
group, a typical comment being: "More information like this will lead to increased 
participation, especially if you lived outside the study area then it would make a huge 
difference in terms of encouraging the wider population to participate. " Respondents from 
the Gov group said that they would participate with or without Web-based information 
because of their professional interest in wind farm planning, but as one respondent added: 
"...lean still see it increasing numbers of participants amongst the general public. "
While respondents from the Academic and Gov groups generally viewed increased 
participation as a good thing, a number of LVIA respondents, themselves acknowledging that 
such approaches would probably increase participation, also warned of the potential negative 
effects of increased participation. As one LVIA respondent commented: "/ think this could 
severely slow the planning process due to the increased number of objections that would be 
submitted." Another respondent from the LVIA group also expressed concerns over the
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slowing of the planning process: "...a website is accessible at all times, which will increase 
participation but will also increase the work necessary to process all of the input." This 
theme was also raised by some Public respondents who were worried about the effect that 
increased public participation would have on the efficiency of the planning process. As one 
Public respondent commented, "/ think it would increase the numbers of people getting 
involved, but I feel this would significantly slow the decision making process due to the 
numbers of objections/support letters the authority and developer would need to consider. " 
Interestingly, a higher proportion of respondents from the Public group indicated that they 
were unsure about such approaches increasing participation than respondents from any other 
group. This suggests some hesitanty regarding whether they would participate (possibly due 
to concerns expressed over the slowing of the planning process), although all of the free-text 
comments submitted by those in the Public group acknowledged that Web-based approaches 
would probably lead to an increase in participation and they would be likely to participate.
The accessibility of online information, as much as the facility to respond via the Internet, 
came across as an important idea in the free-text answers to this question. As one Public 
respondent commented, "The convenience of viewing information on the Internet means more 
people will see it and therefore more people will comment. " This suggests there might have 
been a feeling of dissatisfaction with existing access to such information. Most of the 
respondents in the Student group said they would be more likely to make their opinions on a 
proposed wind farm known if such a website was available. Many of the respondents 
commented that ease-of-use and accessibility was an important advantage of Web-based 
participation which would lead to increased participation, for example one student thought 
that, "It would give an easy option to voice your opinions, there wouldn't be an excuse not to 
take part if you had concerns and access to the Internet so it would be more likely that I 
would participate "
Figure 8.9 shows the results for Participation Question 2 cross-tabulated against respondent 
age group. Respondents in all age groups were more likely to participate if a participatory 
planning website was made available. The low numbers of responses other then 'More likely' 
mean there is very little variation in responses between the different age groups, although as 
observed in the analysis of the previous question variation is highest (discounting 65+ age 
group with only 3 respondents) in the 16-24 age group.
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• Less likely 
D More likely 
D No answer
16-24(56) 25-34(16) 35^4 (24) 45-54 (9) 55-64 (6) 65+ (3)
Figure 8.9 Percentage of respondents by respondent age group that would be more or less likely to participate in 
the wind farm planning process given access to a L VIA tool-based participatory website.
a Dont know 
• Less likely 
D More likely 
n No answer
Beginner (4) Intermediate (38) Expenenced(57) Expert (16)
Figure 8.10 Percentage of respondents by IT experience that would be more or less likely to participate in the 
wind farm planning process given access to a LVIA tool-based participatory website
Figure 8.10 shows the distribution of results by respondents IT experience. It was found that a 
higher proportion of IT experts thought that internet-based participation would increase public 
participation in wind farm planning than those from the other groups. It might be speculated 
that IT experts would be naturally more positive regarding the potential of ICT approaches for 
increasing participation, and in this case almost half of the respondents in the 'experts' group
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are Academics with a GIS background who would almost certainly be biased regarding the 
benefit of technological approaches for engaging the public.
As with the analysis of results by landscape familiarity in the previous question, there was a 
higher degree of uncertainty amongst those most familiar with the study area as to whether 
they would be more likely to participate in the planning process if a public participation 
website incorporating interactive LVIA tools was available. It is likely that the possible 
explanation put forward previously may also apply in this case, i.e. that concerns other than 
potential landscape and visual impacts by those living in or near the study area may affect 
their response to the question. Also there may be scepticism that their views will be taken into 
consideration, based on negative experiences with existing methods of participation. The low 
number of respondent in the '5' group may also account for the higher variability in 
responses.
• Donlknow
• Less likely 
D More likely 
Q No answer
1 (44) 2(23) 3(27) 4(12) 
1 = Unfamiliar • 5 = Very familiar
5(9)
Figure 8.11 Percentage of respondents by familiarity with the study area landscape that would be more or less 
likely to participate in the wind farm planning process given access to a LVIA tool-based participatory website
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• Don't know
• Less likely 
D More likely 
D No answer
Non-residents (95) Residents (21)
Figure 8.12 Percentage of respondents by study area residency that would be more or less likely to participate in 
the wind farm planning process given access to a LVIA tool-based participatory website
It can be seen in Figure 8.13 that there were no notable differences in terms of respondents' 
previous attendance at wind farm planning meetings/exhibitions and the likelihood of 
participation in the planning process, although the higher proportion of respondents from the 
Public and LVIA groups in the 'attended' group accounts for the slightly higher proportion of 
'don't know' answers submitted, as discussed previously. One respondent from the Public 
group commented that, "This has to be easier than going to a planning meeting or an 
exhibition to find information on a future development so it would make me more likely to join 
in." There was also very little variation in responses recorded between respondents with 
differing views on the development of wind farms (Figure 8.14) with respondents in all 
groups mostly replying that access to a participatory website incorporating interactive 
visualisation tools would make them more likely to participate in the wind farm planning 
process.
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Not attended (90) Attended (24)
Figure 8.13 Percentage of respondents by wind farm planning meetings/exhibitions attended that would be more 










• Less likely 
Q More likely 
n No answer
Against (8) For (55) Neither for Nor Against (31) Undecided (16)
Figure 8.14 Percentage of respondents by study area residency that would be more or less likely to participate in 
the wind farm planning process given access to a LVIA tool-based participatory website
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8.4 Comparison of Meeting and Internet-based LVIA Information
Participation Question 3 - "If you have previously attended a public consultation 
meeting/exhibition for a proposed wind farm, how do you think these kinds of Internet-based 
landscape and visual impact tools compare to the material you have seen at such events? "
As discussed in Chapter 4, the purpose of this question was to allow those participants that 
had previous experience of attending public wind farm meetings/exhibitions to give feedback 
on their comparison of the LVIA material they had seen at such events and the Internet-based 
tools they had been using in the Web survey. Figure 8.15 shows the overall responses to the 
question. It can be seen that the majority of respondents (66.1%) had not attended a meeting 
while approximately one-quarter (24.3%) replying that they had whilst 9.6% did not submit 
an answer. The figure of 24.3% is higher than the 20.9% of respondents who replied in the 
participant background information section that they had previously attended a meeting but 
this was due to a few respondents submitting 'don't know' answers, when according to their 












Don't know Meetings are Not attended a No answ er Web tools are 
more effective meeting more effective
Figure 8.15 Percentage of responses regarding the comparison of LVIA material presented at meetings and via 
the Internet
Of those that had attended a meeting, 32% thought that Web-based LVIA tools were more 
effective, 17% thought that LVIA material presented at wind farm meetings was more
268
Chapter 8 - Web Survey Results: Public Participation
effective, while 50% replied that they didn't know. Figure 8.16 shows a breakdown of these 
figures by respondent group. The only respondent from the Academic group to post a firm 
response in favour of one of the approaches thought that meeting-based LVIA material was 
more effective, due to an issue of legitimacy: "All material needs correctly used and 
interpreted...there is a lot of scope for misleading information from either approach, but 
perhaps more people might view Web-based information with greater suspicion because there 
is no-one in person there to back it up and explain it. " The three remaining academics that 
indicated that they were unsure had previously replied in the respondent characteristics 
gathering stage that they hadn't attended a meeting, therefore these results must be treated 
with caution. The theme was popular with respondents in the Gov group, as one non-attendee 
commented, they had "...never attended a meeting but the chance to interact directly with 
those that created the visualisations at meetings would give more confidence or, the project. " 
Of the remaining Gov respondents that had attended a wind farm planning meeting and 







Donlknow MEETING material is more effective WE B tools are more effective
Figure 8.16 Percentage of responses by respondent group regarding the comparison of LVIA material presented 
at meetings and via the Internet
There was an even split in the LVIA group regarding the effectiveness of meeting and Web- 
based approaches for disseminating LVIA information, with four respondents supporting each 
of the approaches and four respondent's replying that they didn't know. Those who submitted 
'don't know' answers all commented that they thought the different approaches were
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complimentary and as such the issue of which was better was not important. As one LVIA 
respondent commented: "It is not an either/or but more the combination that would be 
improve the current situation. The ability to meet and question developers and advisers at 
meetings is good as is the ability to explore information in our own time and from a range of 
available options on the Web." Another thought that the effectiveness of the means of 
information dissemination "ultimately depends on the quality of info at the meeting and on the 
Web, but both approaches are useful. "
Of the LVIA respondents that thought meeting-based material was more effective, the main 
reasons given were the limitations of displaying visualisations on a computer monitor and the 
lack of face-to-face contact they thought important for public consultation exercises. This was 
summed up by one respondent who commented "Screen resolution and size never as good as 
printed photomontages, and also websites are never as good as having people there to talk to 
in person. " However, one of the LVIA respondents thought the big advantage of Web-based 
approaches over meeting-based material was that turbine blades could be animated on a 
computer screen, but the same respondent also acknowledged that computer animations 
incorporating moving turbines have also "occasionally been incorporated into public 
meetings." Another LVIA respondent in favour of the Web-based approach commented: 
"public consultations can be very mixed affairs and Web-based visualisations like these 
would be very helpful to describe a proposal not only for assessing the effects. " Of the 10 
respondents from the Public group that indicated they had previously attended a meeting, 5 
indicated that they were unsure, 4 thought that Web-based tools were more effective, and 1 
thought that meeting-based material was more effective.
Of the Public respondents who said they didn't know which approach was the more effective, 
two submitted free-text comments suggesting that they thought the approaches were 
complimentary although one respondent added "...there was probably more chance of being 
heard in a meeting." The four public respondents that thought Web-based methods were more 
effective included three residents of the study area, one of which commented: "I-went to the 
Fforch Nest meeting in Gilfach, only photomontages were available and from a very limited 
number of viewpoints. All of the Internet based tools together provided a greater 
understanding and appreciation of likely impact. " The respondent who replied that meeting- 
based material was more effective was not a resident of the study area and his/her view was 
that "meetings can be better as you get to talk directly to companies and local councillors. "
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Of the three respondents from the Student group that replied that they had previously attended 
a wind farm planning meeting, two thought that Web-based tools were more effective and one 
replied they didn't know. One of the students supporting Web-based tools wrote: "I would 
comment regardless of how the information was presented to me, however this way is more 
effective and I would imagine, gives a resident more accurate information on which to base 
their view." The student that thought meeting-based material to be more effective 
commented: "Any package would need to be easy to use for members of public and if 
possible, provided by an independent body rather than the applicant/agent/LPA who will have 
vested interests in the development. "
Due to the low numbers of respondents that had attended a wind farm planning meeting it was 
thought that further cross-tabulation analysis of the results by respondent characteristics was 
not appropriate.
8.5 Potential for Improving Participation
Participation Question 4 - "Do you think participation via the Internet has the potential to 
improve public involvement in the planning process for proposed wind farms?"
hi addition to increasing public participation, this was included to measure the participants' 
views on whether Internet-based approaches in general could improve public participation in 
the wind farm planning process. Figure 8.17 shows the percentage of responses by respondent 
groups and overall. It shows that the overwhelming majority of respondents (72.2%) from all 
groups believe that the Internet has the potential to improve participation, with only 10.4% of 
respondents submitting a negative response and 13.9% responding that they didn't know.
Respondents from the academic group were the most optimistic in terms of the potential of 
the Internet with all of the respondents in the group submitting a positive answer. This is not 
surprising given the PPGIS and GIS/LV backgrounds of many of the respondents in this 
group. The general consensus amongst members of this group was summarised by one 
respondent who commented that "anything that engages a wider audience must be good", but 
some also expressed caution about Internet-based participation: "Care is needed with the 
presentation style and technical content of material, otherwise this process could undermine
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the objectivity of the planning process. " This highlights the need to incorporate the needs of 
users and to perhaps modify a site in light of such concerns. Another academic respondent 
thought that while Internet-based approaches would inevitably improve overall participation, 
members of the public would still need to "have a reasonably strong opinion to participate. " 
Only one member of the Gov group thought that the Internet does not have potential to 
improve public participation in wind farm planning, and although the respondent commented 
that the idea was good in principle they also added that "a significant proportion of potential 
users may not have the IT access or skills to make use of it, leading to frustration and 








Dont know No answer Yes
Figure 8.17 Percentage of responses (overall and by respondent group) regarding the question of whether the 
Internet has the potential to improve public participation in the wind farm planning process
The LVIA group respondents were also positive regarding the potential of Internet-based 
participation but were keen to emphasise that they viewed Web-based approaches as very 
much complimentary to existing participatory practices. One respondent commented that 
Internet-based approaches had "great potential to help review after a meeting for example", 
while another thought that the Internet could be used in addition to meetings for "widening 
debate from the locally affected area and incorporating the views of a new/extended 
audience. " There was a noticeable difference in attitude amongst LVIA professionals in terms 
of their views on Internet-based LVIA tools and their views on the potential of the Internet in 
general as a means of two-way communication between the planners and the public. They had
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been more critical in terms of highlighting some of the technical limitations of Web-based 
visualisations, such as the limitations of the image display size, whereas they were more 
optimistic regarding the potential of the Internet as a means of facilitating wider debate and 
incorporating stakeholder input.
Of those in the Public group, 61% of the respondents indicated that they thought the Internet 
had good potential to improve public participation while 13% thought that it did not. Like 
those in the Academic group, many public respondents agreed with the sentiments expressed 
by one respondent who commented that "anything that allows people to see the changes 
before they happen and voice their opinions must be a good thing. " There was generally a 
high level awareness amongst public respondents regarding the different issues that might 
arise from a move to Internet-based participation and many pertinent points were made. For 
example, some of those that thought the Internet had potential also added caveats such as the 
need for regulation to prevent those with strong opinions from dominating or sabotaging any 
online discussion, and the need to ensure that any online tools and discussion mechanisms are 
user-friendly to prevent any advantages over meeting-based approaches being lost. A number 
of respondents, including several from the Public group, while generally positive towards the 
prospect of Web-based participation were unclear as to how it might actually work and 
queried how the public could contribute to the discussion and be empowered through such 
mechanisms.
The highest numbers of negative responses were posted by respondents from the Student 
group. Although this is the largest group, the number of respondents that replied negatively 
towards the potential of the Internet for improving participation might initially be thought 
surprising given the fact that they are young IT-savvy people. However, the nature of the free- 
text comments submitted by some of the respondents in the Student group showed a high 
level of critical awareness of participatory methods and it is likely that some were exposed to 
GIS in their degree studies. For example, one student who submitted a negative answer 
thought that "there will still need to be a need for face-to-face contact to debate more 
technical issues and to ensure the non-computer literate aren't disenfranchised", while 
another commented on the possible danger of participation being made too easy suggesting 
that "the Internet might be seen as a lazy way of getting involved and the quality of discussion 
might deteriorate as a result. " Nevertheless, the overwhelming majority of students thought 
that the Internet does have potential for improving public participation in wind farm planning,
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with increased access to information and discussion arising as a consistent theme in the 
comments. One student made a comment that summarised many of the comments submitted 
by participants from all of the groups in response to this question. The student thought that 
online tools such as those exhibited in the Web survey might improve participation due to 
being "...less intimidating, more engaging and more informative than a report. It would 
improve participation by getting more people involved but the people would also better 
understand the problem and the whole process would probably benefit from everyone being 
more well-informed."
Figure 8.18 shows the distribution of responses in each respondent age group. The figures 
reflect the previous results and show the higher levels of 'no' responses in the 16-24 'student' 
age group, while the 'no' responses in the 25-34 and 34-44 age groups are attributed to Public 
and Gov respondents. It is interesting to note that younger Public respondents were less 
optimistic about the potential of the Internet to improve participation. The one public 
respondent in the 25-34 age group to answer negatively that submitted a free-text comment 
explained that they were "...not sure if enough people would participate on the Internet. " As 
mentioned previously, this may have something to do with the fact that some respondents in 
the younger age groups are perhaps more used to working with ICT and are more blase about 
the benefits of the Internet over 'traditional' approaches, although further research is needed 
to explore these responses in more detail.
• Don't know 
a No
D No answer 
a Yes
16-24 (56) 25-34(16) 35-44 (24) 45-54 (9) 55-64 (6) 65+ (3)
Figure 8.18 Percentage of responses by respondent age group regarding the question of whether the Internet has 
the potential to improve public participation in the wind farm planning process
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Figure 8.19 shows the results of a cross-tabulation analysis by the respondents' level of IT 
experience. If the results for the 'beginner' group are discounted due to the very low number 
of respondents (4) in that group, then it is possible to identify a trend suggesting that the 
higher the level of a respondent's IT experience, the more positive they are in terms of the 
potential of the Internet to increase participation. However the high numbers of negative 
responses in the Intermediate group were mostly students that would be expected to have a 





Beginner (4) Intermediate (38) Experienced (57) Expert (16)
Figure 8.19 Percentage of responses by respondents' IT experience regarding the question of whether the 
Internet has the potential to improve public participation in the wind farm planning process
Familiarity with the landscape study area does not appear to have a large influence over the 
views of respondents regarding their views on the potential of the Internet for improving 
public participation in wind farm planning (Figure 8.20), although it does appear that those 
respondents more familiar with the study area landscape are slightly less positive. The 
comments made by one public respondent who indicated he/she was very familiar with the 
study area but was a non-resident, suggested that there could be concerns amongst some 
members of the public that online participatory mechanisms may be inundated with input 
from anti-wind farm campaigners from outside of the 'affected area' seeking to control the
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debate: "...it does open up the possibility of anyone who is opposed to wind farms to voice 








1 (44) 2(23) 3(27) 4(12) 
1 = Unfamiliar-5 = Very familiar
5(9)
Figure 8.20 Percentage of responses by respondents' familiarity with the study area landscape regarding the 






Non-residents (95) Residents (21)
Figure 8.21 Percentage of responses by study area residency regarding the question of whether the Internet has 
the potential to improve public participation in the wind farm planning process
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The analysis of responses by study area residency is shown in Figure 8.21. It shows that there 
are proportionally less positive answers in the Residents group. The small number of free-text 
comments submitted by (resident) respondents from the Student and Public groups that did 
not think the Internet had potential, seemed to echo the sentiments of the respondent 
mentioned previously in the landscape familiarity analysis regarding worries over anti-wind 
farm campaigners possibly dominating Web-based participation. For example, one local 
(public) resident who did not believe that the Internet has the potential to improve 
participation said that "only those with a strong negative opinion will air their views and 
opinions ".
The results of the cross-tabulation analysis for respondents views on the development of 
onshore wind farms (Figure 8.22) however, suggests that those respondents who are against 
wind farm development are less inclined to believe that participation via the Internet would 
improve public participation in wind farm planning, although the number of respondents in 
this group is low so the results must be treated with caution. Of those against, one respondent 
from the Student group commented that Internet-based participation was limited because it 
"relies on computer access and knowledge ", and another from the Public group thought that 
"people might not take Web-based information seriously. "
B Don't know 
• No
O No answer 
a Yes
Against (8) For (55) Neither for Nor Against (31) Undecided (16)
Figure 8.22 Percentage of responses by planning meetings/exhibitions attended regarding the question of 
whether the Internet has the potential to improve public participation in the wind farm planning process
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One of the Public respondents that indicated they were for onshore wind farm development 
was concerned about the possible effects that Internet-based participation might have on the 
planning system, commenting: "/ don't believe this is a good thing. Using the Internet for 
consultation would slow the planning process. Where a development is in the national 
interest, such as this, I believe it should be exempt from -wide public consultation as the over 
riding aim is increasing renewable energy. "
The final analysis in this section shows the results cross-tabulated with respondents' previous 
attendance at wind farm planning events (Figure 8.23). It shows that although those 
respondents that have attended are fractionally less negative towards Internet-based 
participation in wind farm planning than those that have not attended a meeting, the results 
are very similar. In any case, it clearly demonstrates that the vast majority of people who have 
attended a public consultation meeting must believe that there is room for improvement 
regarding such approaches and think positively in terms of the potential of the Internet as a 
means of delivering enhanced participation. "There's a lot of fear of the unknown and 
fighting change. With ever improving computer skills of the general public and the ease of 
responding via the website public involvement would undoubtedly be improved. Not everyone 
can go to a meeting or presentation in the middle of the week" - this quote was submitted by a 














Not attended (90) Attended (24)
Figure 8.23 Percentage of responses by planning meetings/exhibitions attended regarding the question of 
whether the Internet has the potential to improve public participation in the wind farm planning process
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It is possible that the respondent is referring to one of the public consultation meetings 
organised by Npower Renewables for the Pant y Wal Wind Farm application, which were run 
mainly in the afternoons during the working week. For example one of the planning 
exhibitions attended as part of this research was run at the Cambrian Hall, Gilfach Goch, 
between 2pm and 6pm on a Wednesday afternoon (Npower Renewables, 2006a). Again, 
further research is needed to confirm that such factors are more widely associated with such 
sentiments.
8.6 Advantages and Disadvantages of Internet-based participation
Participation Question 5 - "What do you think are the advantages and disadvantages of this 
type of Internet-based approach for engaging the public in the wind farm planning process? "
The response to this question was entirely open-ended and was designed to allow survey 
participants to expand on or add to previous answers related to the use of the Internet for 
public participation on wind farm planning, whether related to the online visualisation tools or 
the potential of Internet-based approaches in general. It was recognised that this question 
broadly overlaps some of the previous questions asked in the survey, but because of this it 
was also anticipated that responses to this question would further strengthen and support the 
themes and arguments that emerged from the analysis of preceding responses. There was a 
high response rate to this question with approximately 60% of the overall number of 
respondents submitting comments to the respective 'advantages' and 'disadvantages' 
comment boxes.
Although as expected the comments reflected those made for previous answers, the responses 
acted as an effective summary of participants reactions to the online visualisation tools and of 
their perspective on the broader issue of Internet-based approaches to public participation in 
wind farm planning. To reflect this, representative key comments for each respondent group 
are presented in a summary form in Table 8.1 (Advantages) and Table 8.2 (Disadvantages). 
The diversity of responses, from technical comments made on particular visualisation tools to 
broader observations on Web-based participation showed the value of targeting participants 
from different stakeholder groups in gathering a wide-range of viewpoints.
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Table 8.1 Selected respondents' comments regarding the advantages of Internet-based approaches for engaging 








Greater access for interaction with the planning process.
24/7 concept. Less intimidation - particularly if you support such a proposal in an area which may not be local to you.
Enables possibility for presenting a number of What if? Scenarios on which the public can vote.
More information to those computer-savvy enough to access it.
Several ways of displaying the same information - hopefully suit most people Participation can be as and when
someone wants, not limited to a meeting Imagery is based on real-world information (I think this should be stressed
more to the audience).
Potential to involve those who might not attend meetings or visit an exhibition.
A better awareness of the project.
Information readily accessible in the same amount and quality.
Potential to give a good objective impression of likely visual impacts, particularly the photomontages.
Greater interest generated. Presenting information that has been created from real world data.
Possibility to reach far more many people and communicate the info to them.
Easily accessible - 24hrs a day.
Ability to take time to see range of information and adjust for your own particular interest
Equality of access for computer users, wherever they are located, and at the time of their choosing.
Will increase understanding.
Easy to put information in people's homes via an attractive media. Much better, for instance, than a mail shot 
approach.
It is quick and effective way to get involved. 
Makes it easier to access the information.
Gives many options for visualisation - and with improvements in Web usability, interactive debate can emerge. 
Gets general public involved.
Removes fear of the unknown by enabling people to visualise the impact from different viewpoints 
Ability to view interactively the potential impact of a proposal A quick method that doesn't have to involve time in 
terms of attendance at public meetings/contacting planning officers
It will increase the number of people that will comment on this due to the ease of the access from work or form home. 
It would help the public gain a good understanding of what is going to happen if turbines were put here. 
Most people have internet access It's easy and straight forward to use
Table 8.2 Selected respondents' comments regarding the disadvantages of Internet-based approaches for 
engaging the public in wind farm planning
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Not everyone may feel comfortable using this technology or have easy access to it
A bit divisive - my Mum (for example) could never get to grips with it - so would be excluded from this option.
Need to be very IT literate. Can be dominated by anonymous posting either for or against so how do you know what is
legitimate?
The methods mostly put a lot of effort into visualizing the windmills at the expense of detail or 3-d-ness in the
landscape. Somehow we have to have a more complete 3-d image of the landscape and I think then that the windmills
should be presented in a slightly more abstract way
Technology is still a barrier to many users. Variety of images etc may prove confusing - eg I found the number of
computer generated viewpoints overwhelming, and was surprised there weren't t a similar number to the photos
Potentially misleading material in terms of key parameters. Landscapes are experienced out doors (mainly) and this
detaches the individual from that environment.
Lack of foreground detail on (3D still) images exaggerated the visual impact of wind farm development which may lead
to a disproportionate number of objections.
Novelty of 3D animation may distract the respondent from giving sufficient attention to other matters, e.g. noise (I look
forward to interactive noise mapping - quite a technical challenge, but worth a go).
Virtual reality remains 'virtual' - landscape is extremely difficult to assess in virtual environments.
Excludes non IT literate people from the planning process.
Slows and complicates an already burdened planning system as it will probably increase the numbers of people




Socio-economic divisions (e.g. no pc, dial-up, broadband users); bandwidth issues resulting in smaller screens and files
than would be ideal.
Not always suitable for the older generation who are not computer savvy People need to be assured by human
interaction (i.e some people will always prefer to speak face to face about things they are worried about) Some
technologies are not easily downloadable i.e. 3d computer generations
They need to be managed by a neutral body and they never have the money to do this.
Computer access makes it easier for people to let their opinions be known (less effort than objecting at a public
enquiry/writing letters etc). The resulting increase in objections may massively slow the planning process.
Far too slow to download and limited by resolution and screen size.
Feeling that the views you see are faked or controlled to show the best or worst possible views. 
It would isolate some of the public, maybe the elderly, who don't have the internet available to them. So its very good, 
but maybe should be used in conjunction with something else. 
Can only see them, no knowledge of sound pollutioa
Depends on the location of the sighting, i.e. a company could show the result in the most favourable light. 
Hard to advertise to people.
Lack of opportunity for detailed debate.
The views of the local people could get watered down by those that may not have previously shared their opinion. 
Not just people directly affected can give ideas. May have fraudulent results from people People fooling around. 
Some members of the public may get confused by the technology used and what it represent and be left behind in the 
debate, which may prevent them from having a say
De-personalised. If people do not want to go to a town meeting/proposal I doubt their interest would be rekindled on the 
internet.
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included greater accessibility of Internet-based information and planning services and 
increased awareness of the potential landscape and visual impacts through the used of 'easy- 
to-use' online visualisation tools, both of which were thought by many to have potential for 
increasing and improving participation. Meanwhile, some of the potential disadvantages 
identified by respondents included concerns that Internet-based approaches could be divisive 
and/or elitist due to varying levels of IT literacy and access to technology, and there were also 
worries over the transparency and quality of information presented on the Internet and a fear 
that vocal or disruptive groups might sabotage such initiatives. The themes arising from the 
responses to this and previous questions in this chapter and their implications for future Web- 
based participatory processes in wind farm planning are discussed further in the following 
chapter.
8.7 Website Usability: Participant Feedback
As mentioned previously, it was anticipated that survey participants would submit feedback 
related to usability issues they had experienced with the survey website. The importance of 
usability issues in terms of the success of PPGIS projects was highlighted in Chapter 2 and 
while this section is not intended as an in-depth usability study of the survey, it was thought 
important to highlight some of the usability problems encountered by some of the 
participants. As well as contributing towards a critical appraisal of the Web survey, it was 
thought that usability-related feedback may be useful to researchers implementing similar 
Web-based approaches in future. There were an insufficient number of comments submitted 
to provide any meaningful analysis of feedback by respondent characteristics such as group 
type or IT experience and as a result there were no cross-tabulation analyses performed.
The following provides a summary of participants' experiences of using the Web survey 
based on usability-related comments submitted via the free-text open-ended questions in the 
tool evaluation section (mainly for 'ease of interpretation' answers), participation question 
section, and via the general website feedback comment box on the final page of the survey. 
Dedicated usability user testing methodologies such as those used in previous PPGIS and 
public Web-mapping HCI (Human Computer Interaction) studies (for example Skarlatidou
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and Haklay, 2006) were not adopted in this research as comprehensive usability testing was 
not a main aim of the project.
The majority of responses submitted to the feedback comment box on the final page were 
positive in terms of the user-friendliness of the website, with respondents from all groups 
submitting comments such as "easy to use" [Public]; "well designed" [LVIA]"; "Easy to 
understand and go through" [Student]; "good range of types of visualisation" [Academic]; 
and "nice and interesting experience, easy to operate" [Gov]. More specific comments 
suggested that some respondents viewed the dynamic map as a vast improvement over paper 
maps in terms of easy access to detailed ZTV information and as a means of showing precise 
viewpoints for the visualisations. One LVIA respondent commented that "easy to use 
interactive maps are perhaps the single biggest improvement over current methods, 
consultations use small scale maps and it is often difficult for people to understand exactly 
where the viewpoint is located. " There were a small number of comments which suggested 
that some respondents thought the survey was easy to understand and navigate and that the 
layout was clear and logical.
Despite this, the overwhelming majority of negative usability-related comments submitted 
were made in relation to the use of the dynamic Web maps. As mentioned previously in 
Section 6.5, around one-fifth of non-finishers dropped out of the survey on the ZTV Map 
and/or ZTV Map Evaluation pages and feedback submitted by a small number of these 
participants suggested that they encountered problems with slow map download times that put 
them off completing the survey. However, of those respondents that completed the survey, 
none indicated that they had experienced problems with map download times. A few 
respondents from the Public group thought that the learning curve when using the Web maps 
was steep, as one suggested: "the maps are hard to use to start off with, but then become 
simple and easy to use ". Several respondents commented that the size of the map window 
was too small, and one respondent from the Academic group suggested that the map window 
should ideally be automatically resized to avoid scrolling on very small low resolution screens 
and to maximise the map view on very high resolution screens. However as mentioned 
previously in Section 6.2, the size of the map window was restricted to a maximum of 200cm 
due to Ordnance Survey data licencing restrictions and it was found that scrolling was
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unnecessary on relatively low resolution screens although admittedly some vertical scrolling 
is required to centre the map window when subsequently tested at very low screen resolutions.
Customising the map window size to screen resolution would be a relatively straightforward 
procedure using JavaScript to detect client screen resolution but would involve creating 
several differently-sized map layouts which was thought too time consuming for the purposes 
of this research. Other suggestions for improved map usability included functionality to make 
it clear to the user which viewpoints had previously been visited for each visualisation type to 
minimise wasted time and streamline the survey. One respondent from the public group 
thought that "perhaps it could be made clearer that you need to click the button to show the 
•wind turbines in the -wireframe map", although another public respondent thought this 
functionality was "intuitive". Another issue related to viewpoints was raised by one 
Academic respondent who thought that the maps were "easy to use but the number of 
viewpoints is a bit overwhelming in the later cases - also it would be good to have different 
symbols for static, walkthrough and flythrough animations." A public respondent also 
commented that while it was "useful to be able to take a view from almost anywhere, there 
are too many viewpoints in the [3D stills] map "
Various comments were made by respondents relating to the visualisation tools themselves. 
As discussed earlier, some LVIA respondents thought that the colour banding and shading of 
the ZTV legend was not ideal, although this did not seem to be a problem for respondents in 
the Public group. There were no usability comments related to the 'static' visualisations 
themselves (wireframes, photomontages, 3D stills), although one LVIA respondent thought 
that the text 'Existing View' on the button used to show a view without rendered turbines 
was misleading and suggested that "without turbines " would be more appropriate given that 
"these are not real-world views, but visualisations. " The more dynamic visualisation tools 
(3D animations and 3D model) raised more usability related feedback due to the more 
sophisticated nature of their delivery and display. A small number of the respondents thought 
that the download of the 3D animations was slow given the length of the animations and one 
respondent from the Academic group thought that "the animations could have benefited from 
some more comprehensive development and faster streaming server support. " Downloading 
the 3D model caused problems for some participants that were attempting to download the 
program whilst at work and found that security/firewall software prevented them from doing 
so.
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Anticipating that some participants might foresee such problems a 'skip this section' button 
was incorporated into the 3D model evaluation section but this was seen by one LVIA 
respondent as possibly divisive, as they argued that: "skipping certain sections might put 
people off- it looks like elitism ". Some respondents suggested that Google Earth should have 
been used instead of 3D Nature's NatureView program to view a 3D model but this would not 
overcome the problems of downloading a program. As mentioned in Chapter 7, many users 
experienced difficulties attempting to navigate around the 3D model using the NatureView 
software to the extent that some found it extremely tricky to navigate to a desired location to 
assess any potential visual impacts. The comments suggested that respondents from all groups 
struggled with using the 3D model and problems were not confined to the Public group.
The only other usability-related comments made in addition to those directed at the Web maps 
and visualisations were comments submitted about the nature of the questions made by one 
respondent from the LVIA group and one respondent from the Student group. Both of these 
respondents commented briefly that they thought the questions were too similarly worded and 
might not be well understood by members of the public. Although, as discussed in the 
previous chapter, the comments submitted by some Public and Student respondents for the 
'tool accuracy' question suggested that some respondents did not clearly understand the 
question, the free-text comments submitted by the majority of respondents implied that 
overall understanding of the different questions was good. In any case the results of the 
'accuracy' question were extremely valuable for highlighting the differences in awareness 
between the public and 'experts' regarding uncertainty and error as a consideration when 
interpreting landscape visualisations.
8.8 Summary
This chapter has presented the results of the Participation Question phase of the Web survey 
and also briefly reviewed some of the usability issues that were raised by the respondents. The 
first Participation Question asked the respondents if they would be prepared to participate in 
the wind farm planning process via a website that would allow them to explore a proposal 
using some of the visualisation tools that were presented in the Web survey. Despite 
reservations amongst many respondents that included worries over a lack of professional 
guidance when viewing online visualisations and concerns about how such feedback would be
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incorporated into the participation process, it was found that that the majority of respondents 
were keen on the idea of participating in this way.
The next question attempted to determine if participants would be more or less likely to 
participate, via any means, in the wind farm planning process if such a website was available 
and thus gauge if participation in the wind farm planning process would be increased as a 
result. The results were equally convincing with the vast majority of respondents indicating 
that the availability of such an online resource would make then more likely to participate. 
Whilst many saw an increase in participation due to the potential of the Internet for involving 
a wider 'audience' as a positive thing, some respondents warned that a large increase in the 
number of participants would slow the planning process considerably.
The third question sought to measure the reactions to Web-based LVIA tools from those 
respondents that had previously viewed LVIA material at public wind farm 
meetings/exhibitions. Although the overall number of respondents that had previously 
attended a meeting was relatively low, the results showed that Web-based LVIA tools such as 
those presented in the Web survey were viewed more positively than 'traditional' LVIA 
material. Despite a number of well-informed arguments that highlighted the advantages and 
limitations of both approaches, perhaps the most significant theme to emerge from the results 
was the notion that these approaches are complimentary and should not be viewed as either - 
or. Many of the respondents felt that while the availability of Web-based LVIA information 
was extremely useful for those unable to access such information at public meetings, face-to- 
face contact with LVIA professionals was still important for helping to fully understand the 
processes behind the production of the visualisations.
The fourth Participation Question asked the respondents if they thought that Internet-based 
participation would improve participation and the majority of respondents replied that they 
thought it would. While some respondents saw increased participation and the widening of the 
debate as improved participation, others were more cautious and like the comments submitted 
to the first question, there was a concern amongst some that this increase would overwhelm 
the planning process. Many thought that it would lead to a better understanding of the 
problem and therefore lead to increased and more informed participation in decision-making 
but some also warned that the Internet and Web-based visualisation tools may be divisive and 
could disenfranchise those lacking in IT experience and/or those without access to computers.
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The final Participation Question was an open-ended question designed to solicit respondents' 
views on the potential advantages and disadvantages of Internet-based participation in wind 
farm planning. Many of the points raised in answers to previous questions were made and in 
acknowledgement of this, representative comments were presented in a tabular summary 
form. Many comments were submitted on different aspects of Web-based participation which 
reflected the wide diversity of those taking part in the Web survey. The final section of the 
chapter briefly summarised some of the usability-related issues that were highlighted by a 
number of respondents. Reviewing such issues has helped not only to understand specific 
areas that would need to be addressed if similar approaches were to be implemented in a 
future academic or 'real-world' project but has shown that the issue of usability in ICT-based 
participation is of key importance. In the following chapter the main themes that arise from an 
analysis of the results in this chapter are discussed further in relation to the findings of 
previous work, and a research agenda to take this work forward is proposed.
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9.1 Introduction
The purpose of this chapter is to provide further discussion on the main findings of this 
research in terms of their meaning and significance in the context of current research and also 
their implications for future ICT-based participatory initiatives as part of the wind farm 
planning process in the UK. The discussion highlights how the work has addressed the 
original objectives of the research as outlined in Chapter 1, and draws attention to some of the 
main achievements and limitations of the study. The chapter is divided into two main 
discussion sections based on the results of the surveys. The first section (section 9.2) 
discusses the significance of the findings of the LVIA visualisation tool 'state of play' report 
(Chapter 3), whilst the second section (Section 9.3) discusses the results of the major Internet- 
based survey presented previously in Chapter 7 (visualisation tool evaluation) and Chapter 8 
(evaluating potential of Internet-based visualisation approaches for increasing and improving 
public participation). The discussion is then summarised in a final section (Section 9.4) at the 
conclusion of the chapter.
9.2 'State of Play' Survey
The first main objective of the research was to design and implement a survey aimed at 
gauging the current levels of use of traditional and LV-based visualisation tools and the levels 
of use of the Internet for disseminating LVIA information during the EIA stages of the wind 
farm planning process in the UK. Following a review of the literature it was clear that there 
were gaps in knowledge that needed to be addressed in these areas. Earlier research in the UK 
(Coles and Taylor, 1993), suggested that the use of innovative LV-based visualisations and 
ZTV mapping techniques in wind farm LVIA/EIA in the UK was low, but this work is now 
over a decade old and there was an obvious need to update the research given the considerable 
progress made in LV technology in recent times. In addition, much of the previous research in 
the area of public participation in spatial planning has been positive towards the potential of 
Internet GIS-based (or PPGIS) approaches for improving information dissemination and 
augmenting participation (for example Carver, 2003; Kingston, 2007a), although there 
remains comparatively little empirical work in this area (Strobl, 2006).
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9.2.1 Visualisation Techniques: Current Levels of Use
The results of the survey showed that the majority of respondents (individuals and 
organisations that indicated they were involved in producing LVIA material for use in wind 
farm planning applications) were using LV during the initial LVIA stage of EIA, while the 
proportion of those using LV-based visualisations during the public consultation phases were 
fewer but nevertheless significant. The reasons for the differences in the levels of use of LV in 
the early and latter stages of the EIA process were not specifically investigated in this 
research although this may be related to resource/technical limitations regarding the 
dissemination/presentation of such material to the public. However, more importantly, the 
results provide firm evidence to suggest that that the use of LV in wind farm planning has 
increased since the work of Benson (2005).
The reasons for the increasing use of LV has not been addressed in any detail in this project 
but it is likely that advancements in computing and digital visualisation techniques and the 
growing availability of GIS/LV software and spatial data have led to their widespread 
adoption in the EIA stages of wind farm planning. Computer-generated digital landscape 
visualisation technology was arguably in its infancy when Coles and Taylor (1993) conducted 
their research and the quality of outputs was significantly lower than those produced with 
modern-day computers and LV software, hi addition, it is probable that the cost of data, 
hardware and software has proportionally decreased during the last decade, while demand for 
landscape visualisations and the number of persons with an environmental science 
background that are trained in the use of GIS/LV software and digital spatial data has likely 
increased. Also, developments in public participation approaches to planning problems have 
possibility contributed to this increase, together with their promotion at local, regional and 
national levels.
Despite the large increase in the use of LV, traditional visualisation tools are still more widely 
used in both the LVIA and public consultation stages of the wind farm planning process. 
During the early stages of this research, a brief review of a number of recent ES planning 
documents supporting wind farm planning applications in the UK suggested that traditional 
techniques, particularly photomontages, are used more extensively than LV and the findings 
of the survey helped to confirm this. Although the survey provided a useful snapshot of the 
levels of use of various LVIA visualisation techniques it did not examine the factors behind
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the continued dominance of traditional tools or the barriers preventing even more widespread 
use of LV techniques in this regard. Paar's (2005) recent work in Germany examining the 
levels of use of LV software in environmental planning applications is probably the most 
relevant comparable research in this area. Concerns over resource and investment costs and 
dissatisfaction with the quality of certain aspects of LV visualisations that were raised by 
landscape professionals in Paar's (2005) study are potentially applicable to the use of LV in 
landscape planning in the UK and could form the basis of further research in this area.
Survey results relating to the specific LV formats used by landscape professionals provided 
further insight into the use of the technology for assessing and visualising wind farm 
proposals. The survey findings showed that more complex interactive real-time 3D models 
were used far less commonly than still images and animations rendered using LV software. 
Only one respondent in the survey indicated that members of the public had access to a real- 
time 3D LV model during the public consultation stages of the EIA. Interactive real-time 
models are more complicated than static and animated LV outputs and traditional (static) 
visualisation techniques in terms of the technology needed to effectively disseminate and 
present them to the public and this may account for the much lower levels of use of real-time 
LV in this regard.
9.2.2 Use of the Internet for the Dissemination/Presentation of Visualisations
The second aim of the survey was to assess the extent to which Internet-based approaches 
were being used to disseminate and present LVIA information to the public. Research relating 
to the potential of Internet-based PPGIS for promoting public participation in environmental 
planning was discussed extensively in Chapter 2 and it emerged that there is still relatively 
little work examining the extent to which such technologies are being employed in 
participatory planning. Given the high profile and contentious nature of wind farm planning in 
the UK, problems with delays in the planning system and public concerns regarding the 
landscape and visual impacts of onshore wind farms there was a clear need to gauge the levels 
of use of the Internet for disseminating LVIA information and enhancing participation.
A
The findings of B reflect the paucity of real-world examples of Internet-based
spatial data and landscape visualisations in wind farm/landscape
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planning. Only two of the survey respondents indicated they used the Internet to disseminate 
LVIA information to the public. Further investigation revealed that one of the respondents 
indicated that photomontages were hosted on the Web as PDF documents and the other 
respondent indicated that they had experimented (unsuccessfully) with distributing real-time 
VRML models via the Internet. To date, the Maerdy wind farm website (REP, 2006), remains 
one of a few websites dedicated to improving the quality of LVIA information dissemination 
in the case of a 'real' onshore wind farm planning application in the UK using interactive 
GIS-based approaches for information presentation, as opposed to merely publishing the ES 
document and/or selected visualisations on the Web. Other similar websites that have recently 
come on stream in the UK include, for example, the Milton Keynes Wind Farm website (Your 
Energy Ltd, 2008 13) and the Alaska Wind Farm website (Infinergy Ltd, 2008 14). However, 
there is no evidence in the published literature to suggest that such efforts have been 
thoroughly evaluated in terms of their potential for increasing and improving citizen 
involvement in the planning process.
The results of the survey suggested that there are relatively few examples of linkages between 
Web technology and interactive real-time 3D models being made to support the assessment of 
and/or public participation in wind farm planning in the UK. Traditional methods of 
information dissemination, such as paper-based presentations at wind farm public 
consultation meetings/exhibitions, with all of their limitations and barriers to access to 
information and public participation, still dominate, although there is some recent evidence 
that there is a move towards more Internet-based dissemination (based on the emergence of 
websites such as those mentioned above). Despite a wealth of research literature relating to 
the potential of Internet-based GIS and LV for enhancing current practices the survey has 
shown that this technology is not being tried and tested in the area of onshore wind farm 
planning, one of the most important current landscape planning issues in the UK. The findings 
of the survey therefore concur with recent research (for example Strobl, 2006) that highlights 
the lack of real-world implementation of Internet-based landscape visualisations in support of 
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9.2.3 Summary
The findings of the 'state of play' survey proved extremely valuable not only for providing 
hard empirical evidence on which to build a rationale for the main Internet-based survey 
study, but the results have contributed to existing knowledge in relation to the levels of use of 
visualisation techniques and Internet-based dissemination of LVIA information in wind farm 
planning. Though focussed on wind farm planning in this instance, it is postulated that the 
results of the survey are likely to reflect the 'state of play' (as of October 2005) in other areas 
of landscape planning.
The first main finding of the survey showed that LV-based visualisations are now in 
widespread use in the EIA stages of wind farm planning in the UK, although it appears that 
they are used more frequently for initial LVIA assessment than for public 
information/consultation. Also, traditional LVIA tools are more commonly used. The second 
main finding confirmed the findings of current research that suggests that Internet-based 
landscape visualisation approaches are not being widely implemented to attempt to improve 
information dissemination and participation in wind farm/landscape planning. However, the 
survey did not examine the barriers preventing more widespread use of these technologies, 
nor did it investigate how such initiatives would be developed and/or where/how they might 
fit into the planning process to improve participation. Again, this may form the basis of future 
research in this field.
The various stakeholder groups that may have a vested interest in the use of such technologies 
in landscape planning (e.g. wind farm developers, environmental consultants, academics, 
policy makers, LPAs and the public) would probably benefit from a further investigation in 
this area. Some of these issues are discussed further in the remainder of this chapter in relation 
to the findings of the main Internet-based survey study. Also, given the fast-moving pace at 
which LV technology appears to be developing it is likely that LV usage (and perhaps the use 
of the Internet) has increased in wind farm EIAs since this survey was conducted. Therefore 
an updating of these findings in the near future could be beneficial.
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9.3 Main Internet-based Survey Study
The following two main sections focus on discussing the results of the main Internet-based 
survey study. The sections are structured to reflect the order in which the results were 
presented in this thesis. Therefore, Section 9.3.1 presents the discussion of the visualisation 
tool evaluation (Chapter 7) and Section 9.3.2 concentrates on the discussing the results of the 
Participation Questions (Chapter 8).
9.3.1 Visualisation Tool Evaluation
9.3.1.1 Clarity of Interpretation/Understanding
The results of the responses submitted to the first tool evaluation question (Section 7.3.1) 
supported the findings of previous studies that suggested 2D mapping is generally less well 
interpreted and understood than perspective (photomontage, wireframe and LV-based) images 
of landscapes for assessing the impact of planning proposals and envisioning landscape 
change (for example Bishop, 1994; Jude et al., 2003). Given the levels of abstraction in ZTV 
maps and the fact that some people are not used to interpreting maps and 2D plans (Bishop, 
1994), this is not a surprising outcome, however it does emphasis the value of visualisations 
for communicating landscape change. Zones of Theoretical Visibility Maps add another level 
of complexity to topographic maps and many lay-persons found the banded ZTV layer 
confusing and too information-rich. Of course, the ZTV map was presented as an interactive 
Web map incorporating dynamic layer display which may have added yet another dimension 
to the difficulties experienced in understanding the map.
Conventionally, such a map would be presented at a public meeting/exhibition as a paper map 
with a fixed level of zoom, which is arguably easier to interpret for those less familiar with 
dynamic Web maps, although there has been little work conducted to provide firm evidence 
for this. The position of the ZTV map as the first tool to be evaluated in the survey may also 
have contributed to its low overall score as users would have become more familiar with 
using the interactive maps as they progressed through the survey. In retrospect it might have 
been a good idea to include a 'practice page' at the beginning of the survey to allow users to
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experiment with the controls before the actual survey began (Wherrett, 2000). In any case, 
respondent feedback served to emphasize the importance of usability for the effective 
interpretation of Web mapping tools, a factor which has been highlighted in previous related 
HCI research (MacEachren and Kraak, 2001).
Usability-related issues featured prominently in the responses to the real-time 3D model 
evaluation, which was rated one place above the ZTV map in terms of ease of 
interpretation/understanding. Whereas the majority of respondents' comments on other 
visualisation tools were focussed on how clearly they understood the images, in the case of 
the 3D model, most of the comments were directed at usability problems which in many cases 
prevented a proper assessment of the landscape model itself. Previous research has found that 
usability issues could prove a serious barrier to the successful implementation of real-time LV 
models in a participatory landscape planning environment (Haklay, 2002 & 2003) and the 
findings from this research reinforce this concern.
The general theme to emerge from the responses to this question was that the level of 
abstraction of the imagery largely determined how clearly a particular visualisation tool was 
interpreted. For example, many respondents' equated photomontages to the 'real' landscape 
whereas the more abstract features in LV-based imagery meant that they were less readily 
interpreted. However, wireframe diagrams were rated more highly than the 3D model, which 
is arguably less abstract that the wireframe images, although this was almost certainly due to 
the usability problems experienced with the 3D model. The level of abstraction of the images 
could also be thought of as the level of realism, and the issues of realism and accuracy are 
major themes in this study which are discussed in more detail in the following sections.
One of the most significant findings to emerge from the responses to this particular evaluation 
question was to determine that 2D mapping is much less easily understood than imagery of 
the landscape. While this is not a new finding it helps to support previous research and also 
provides further evidence that may cause wind farm developers to re-think how ZTV maps 
are presented in public consultation scenarios as lay people clearly struggle with interpreting 
them. The analysis of respondent characteristics supported these findings, showing that 
members of the public and those with less computing experience found it more difficult to 
interpret ZTV maps. While it is acknowledged that ZTV maps are quantitative measures of
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visibility rather than qualitative assessment tools this evaluation has proved useful for 
highlighting clear differences in how these two different types of tools are interpreted.
9.3.1.2 Landscape and Visual Impacts
This section presents the discussion of the results of the second and third tool evaluation 
questions (Section 7.3.2 and Section 7.3.3), which addressed the effectiveness of the 
visualisation tools for showing potential visual landscape character and visual impacts 
respectively. Landscape and visual impacts are different but very closely related phenomenon 
and this was reflected in the evaluation of the visualisation tools and their effectiveness for 
showing these impacts. The tools received similar scores across the two evaluations and 
subsequently their rankings were also similar. The trends to emerge from an analysis of the 
free text responses and respondent characteristics were also similar for landscape impacts and 
visual impacts, therefore the findings of both evaluations are discussed together in this 
section. At this stage it is worth raising a point made by one of the survey respondents from 
the LVIA group regarding the understanding of the differences between landscape and visual 
impacts by non-expert respondents. The respondent suggested that some participants may not 
have properly understood the differences between the two questions. While this is a valid 
point, the free text responses posted by those in the Public group for example, indicated that 
there was a general awareness of the differences, although it is not claimed that every 
respondent replied with absolute confidence. This is probably true of the other questions in 
the tool evaluation section of the survey.
The findings of the survey showed that photomontages were the clearly favoured visualisation 
tool both for assessing landscape and visual impacts of the proposed Fforch Nest Wind Farm, 
supporting the findings of previous research that has compared LV outputs with 
photomontages for assessing landscape change (for example Appleton and Lovett, 2003; 
Bergen et al., 1995; Dockerty et al., 2006; Killeen and Buhyoff 1983; Oh 1994). They scored 
highest overall in terms of their effectiveness for assessing both impacts and the consistency 
of the scoring was also higher than with the other tools. Respondent's comments suggested 
that they scored the photomontages highly because they provided the most realistic 
impression of the landscape and for many they represented a 'real' landscape surrogate. The 
majority of respondents found that the LV-based visualisations and wireframes lacked the
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realism for conveying the fine-grained detail necessary for effectively assessing changes in 
visual landscape character, although many also highlighted a number of advantages associated 
with LV formats. The ability to generate a large number of still images from a variety of 
locations was thought to be useful for assessing visual impacts, although this aspect was more 
negatively viewed in the assessment of landscape character, probably because the 3D stills 
were unable to express the subtleties of the real landscape. In the assessment of visual impacts 
where the size, number and proportion of the turbines visible from a certain location is the 
main issue then extensive viewpoint coverage was received more favourably.
Respondents comments also suggested that the LV formats were more effective for showing 
background scenes than foreground scenes, a phenomenon noted in previous research (Lange, 
2001; Appleton et al., 2003). A local government planner raised a point concerning the lack of 
foreground detail in LV images that could have potentially important consequences for 
planning (Figure 9.1). The respondent suggested that the lack of detailed surface features in 
the foreground may potentially exaggerate the visual impact of a proposed wind farm which 
may lead to a disproportionate number of objections. This should be carefully considered if 
LV-based imagery is to be used in a public consultation scenario.
Figure 9.1 Lack of fine detail in the foreground was found to be a major limitation the LV-based imagery
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The ZTV Map was rated lowest overall. Again, respondents found it difficult to translate 2D 
map layers into 3D mental images. The ability to show variable atmospheric conditions using 
3D stills and 3D animations was thought to be an important advantage over photomontages 
although a greater diversity and complexity of atmospheric scenarios than the ones presented 
in this study would probably be favourable for any future implementation of such a system. 
Atmospheric conditions have been shown to have a significant effect on the contrast and 
visibility of wind turbines (Bishop and Miller, 2005) in the landscape; therefore it would be 
desirable to show a wider range of potential conditions.
A major advantage that LV has over photomontages at present was found to be the capability 
to communicate movement in the landscape which is an important factor for assessing the 
impacts of wind farms (Bishop, 2002; Bishop and Miller, 2005). In addition to the turbines 
themselves, the ability to model the movement of the observer moving through the landscape 
was also found to be useful. Although preferences regarding the speed (both of the camera 
and the wind turbine blades) and camera tracks of the animations presented in the survey 
varied, it was widely acknowledged that the representation of movement was extremely 
desirable. This factor almost certainly accounted for 3D animations being rated more highly 
than 3D stills for the assessment of both landscape and visual impacts. Appleton and Lovett 
(2003) found that respondents with a greater familiarity of computer graphics rated 3D still 
images more highly than those with less experience, but there were no significant trends noted 
in this study regarding respondents' IT experience and their responses to 3D stills and 3D 
animations.
Conversely, the static nature of photomontages was shown to be one of their major 
disadvantages, as they were unable to convey movement through a 3D landscape. Also, the 
time and effort required to produce each photomontage typically results in a very limited 
number of images being produced for an EIA (and also the survey) which in turn also raises 
the often contentious issue of viewpoint selection (Benson, 2005). While Web-based real-time 
3D models potentially allow a user to view a proposed development from any location of their 
choosing, the trade off is a lower level of landscape detail, which in addition to the usability 
issues associated with real-time navigation negatively affected the rating of the 3D model in 
this evaluation. With this in mind, one of the main goals (in the short term at least) might be 
to automate the on-the-fly rendering and presentation of highly photorealistic LV static 
images and animations via the Internet based on user-specified viewpoints (Appleton and
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Lovett, 2005). This would potentially reduce the processing and download overheads 
associated with real-time models whist delivering 'photorealistic' (albeit non real-time) 
landscape visualisations.
Such a system would require the customisation of commercial LV software such as VNS 2, 
linked to a user-friendly 2D map front end to allow users to choose their viewpoint, although 
the problem of overcoming long render times would necessitate large amounts of computer 
processing capacity at the server end. The number of requests for visualisations could be 
reduced by adding previously rendered images to the map so that visualisations may not have 
to be re-rendered from similar locations. Although not produced for this study, such images 
could be delivered as interactive panoramas which would allow the user to acquire a greater 
appreciation of their surroundings and orientation of the observer position in relation to a 
wind farm proposal. The system could also take advantage of 'hotspot' linking whereby other 
interactive panoramas could be opened by clicking on indicators in the view, thereby giving 
the user a sense of immersion in the landscape and allowing them to assess a proposal from 
visually connected viewpoints (Dykes, 2000). Although the real-time 3D model did have the 
potential advantage of being able to show the proposal from an infinite number of locations in 
the study area, in this particular evaluation the reality was that usability issues and a low level 
of detail in the model meant that these drawbacks outweighed this potential benefit. 
Difficulties in using the 3D model were emphasised by the fact that those respondents' who 
rated themselves as 'IT experts' scored the 3D model more highly, and their comments 
suggested they found the real-time experience more valuable than those respondents with less 
IT knowledge.
However, some respondents' comments suggested that the inclusion of a 3D model for the 
assessment of a wind farm would still be useful for providing an overview of the site layout 
and location within the wider surrounding landscape. It must be remembered that this is an 
evaluation of Internet-based visualisations, the full potential of which is limited by bandwidth 
and display restrictions. Certain visualisations may be more effective when presented using 
stand-alone systems at wind farm planning events. For example, research into the use of 
immersive landscape visualisation technology for participatory landscape planning has shown 
that such systems can be valuable for the assessment and collaborative planning of wind 
farms (Miller et al., 2008; Ball et al., 2008) but these systems do not have the same limitations 
as real-time LV models hosted on, or downloaded from, the Internet. One possible drawback
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of standalone systems used at participatory planning events is the limited opportunity for 
members of the public to interact with the model themselves. Is it important to allow a 
member of the public to have full control over the model, and to what extent have members of 
the public had full interaction with real-time models in previous research? In some studies this 
is has been unclear. For example, in their research in Switzerland, Schroth et al (2005), 
emphasised the importance of interactivity when applying real-time LV models in 
participatory landscape planning scenarios, but a presentation of their work showed that 
experts were controlling the navigation and functions of the model based on feedback and 
instruction from members of the public. It is possible that interactive systems with less expert 
guidance and a higher level of public interactivity might be perceived differently?
The division of the respondents into stakeholder groups and the collection of limited number 
of respondent characteristics were thought to be worthwhile exercises, as a number of 
interesting trends were identified when the data was compared with the tool evaluation 
results. One of the most significant was the notable differences in perception of the 
visualisation tools for assessing landscape and visual impacts tools between study area 
residents and those living outside the study area. The results support the findings of previous 
research by Lange (2001 p. 163) in a study designed to assess the degree to which "...the real 
visually perceived landscape, as represented through photographs, can be validly represented 
by means of virtual reality landscapes." Lange found that participants who were local to the 
study area rated LV images with lower levels of detail more highly than non-residents. Does 
their intimate knowledge of the landscape allow them to mentally fill-in the detail omitted by 
the abstracted 3D landscapes? Lange (2001 p. 173) hypothesized that "this has perhaps 
something to do with local knowledge," but further work is required to examine this apparent 
phenomenon more fully. It must also be recognised that there were no respondents from the 
LVIA group in the 'residents' group in this study. LVIA respondents tended to rate LV 
images lower than the other groups and this obviously had an impact on the results.
The general low scoring of visualisations, particularly LV-based formats, by the LVIA 
experts was probably the most noteworthy visual trend to emerge from the analysis of the 
visualisation tools by respondent group type. A better understanding of the LVIA/EIA process 
and greater experience in producing visualisations resulted in respondents from the LVIA 
group having an increased awareness of the limitations of the visualisations, not only in terms 
of the quality and effectiveness of the images but also (importantly) the lack of accompanying
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supplementary information regarding the processes and data used to create them. It was clear 
that a lack of metadata in this respect negatively affected the rating of the visualisation tools 
by landscape 'experts'. One of the most important issues to emerge from this study was the 
differences in awareness between the various groups regarding the importance of 
supplementary information for assessing the accuracy of the visualisations and this is 
discussed in more detail in the following section (Section, 9.3.1.3). Some of the LVIA 
respondents also raised concerns over the display format of the landscape visualisations. 
Some felt that the small format of the visualisations, in comparison to the size of hardcopy 
photomontages presented at wind farm planning events, meant that it was difficult to properly 
assess the impacts. As discussed previously in Chapter 2, there is evidence to suggest that 
landscapes can be effectively represented using Web-based imagery (Roth, 2005) although 
there is a need for further empirical work in this area. As an overall note of caution when 
interpreting the results of this study, Laing et al. (2005) stressed the need to be mindful that 
when implementing a Web-based survey based on the comparison or evaluation of 
visualisations, the quality and delivery of images will inevitably vary between different 
computers and display systems.
Finally, as discussed in previously in Section 5.1, it must remembered that the visualisation 
tools included in this Web survey were evaluated in terms of their effectiveness for helping to 
assess the potential landscape and visual impacts of one wind farm. Cumulative impacts were 
not modelled in this particular study but they should be included in future research (see 
Section 10.4.2). Dynamic visualisation tools that model movement of the observer position 
could prove to be more effective than photomontages for modelling the sequential cumulative 
impacts of multiple wind farms in an area, a hypothesis that could be tested in a future study.
9.3.1.3 Accuracy
An important aim of the visualisation tool evaluation survey was to assess how the awareness 
of uncertainty in the visualisations, particularly for LV formats, varied between different 
participant groups. This was successfully achieved by asking respondents' to rate the accuracy 
of each visualisation tool (Section 7.5). An awareness of the potential inaccuracies in 
landscape visualisations, be they photomontages, wireframe diagrams or LV-based formats is 
thought to be important for adding legitimacy to the images and conveying uncertainties in
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the techniques and/or data used to produce them. Previous research that has discussed issues 
surrounding the realism of LV-based visualisations (for example Appleton, 2003; Appleton, 
2004; Appleton and Lovett, 2005; Lange, 2001; Macfarlane et al, 2005;), has highlighted the 
need to convey uncertainty in the images, particularly as the realism of LV renderings 
increases. There is a danger that highly realistic LV-based imagery may hide significant 
uncertainties in the underlying data and therefore create a false sense of accuracy (see also 
Orland, 2001).
As mentioned in the previous section, the findings of the survey showed that there was a 
significant difference between groups regarding the awareness of uncertainties in the 
visualisations, particularly between the Public group and the other groups. Although the 
scoring of the visualisation tools was fairly consistent across all groups, there was a marked 
difference in the nature of the free-text responses posted by those in the Public group which 
suggested they had less awareness of inaccuracies in the visualisations. As a result they were 
less vocal regarding the need for supplementary information to more fully assess their 
accuracy. This was not a surprising outcome given the lack of experience with such issues 
that might be expected from members of the public but it has served to highlight this factor. 
However, whether or not supplementary information would actually be beneficial to members 
of the public in any future Internet-based visualisation system is unclear. A lay persons lack 
of knowledge (a generalisation, but assumed for the purposes of this discussion) regarding 
spatial and temporal uncertainties/inaccuracies in the visualisations caused by, spatial data 
resolution, abstraction, viewing medium, viewing distances and photo capture for example 
may render such information obsolete, or may even alienate some potential users. Should the 
target audience consist of planners and landscape professionals however, then the inclusion of 
such information would be crucial allowing them to assess the level of confidence they would 
place in the imagery.
Previous research has suggested auxiliary information relating to the production of landscape 
images may be ignored by members of the public (Swaffield and Fairweather, 1996) and it is 
still far from clear how such information can be visualised in a way that would be easy to 
understand (Appleton, 2003). Feedback from the pilot study conducted in this research for 
example (Section 6.4.1) clearly demonstrated that the inclusion of such information merely 
served to confuse those 'non-experts' that participated in the study. Appleton (2004) considers 
a number of potential ideas on how to effectively portray uncertainties in landscape
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visualisations, but as yet there is still very little research in this area. Based on the findings of 
the survey and feedback from LVIA respondents, it is recommended that at least a minimum 
amount of basic information should be made available to the viewer. For example, for 
photomontages this may include details on time of day/year of photo capture and for LV 
images, a 'health warning' should be added to reinforce the abstracted nature of the 
landscape, especially if foreground detail is lacking in certain stills, animations or real-time 
outputs as this may exaggerate the visual impact from certain locations.
Photomontages were again ranked highest in the accuracy evaluation ahead of the LV 
formats. It was clear that a significant proportion of the respondents, particularly the Public 
respondents, equated accuracy with realism so that many of the free-text responses to this 
question were often similar. For many, photomontages represented the real landscape and so 
were rated the most accurate tool although a number of respondents pointed out that this 
accuracy is temporally limited. In general, respondents found landscape-scale LV images 
depicted the scenery more accurately than those at site-specific scales where there was a high 
level of detail in the foreground of the image. This trend has been observed in previous 
studies (Appleton, 2003; Lange 2001). The distinction between accuracy and realism is often 
blurred in discussions relating to landscape visualisations, but it is thought that the findings of 
this particular evaluation have proved useful for highlighting the significant differences in the 
awareness of uncertainty in the images.
9.3.1.4 Summary
The visualisation tool evaluation has served to reinforce much of the existing research 
literature relating to the comparison and evaluation of GIS-based visualisation methods for 
visualising real landscapes and assessing potential landscape change and also highlighted the 
need for further research in certain key areas. It is suggested that this is the first time that such 
a wide range of traditional and LV-based visualisation tools have been evaluated in a study of 
this type and the use of interactive Web maps to serve the visualisations as part of an Internet- 
based survey is also thought to be novel. Also, the evaluation of such tools for assessing 
landscape and visual impacts is in this way is considered to be innovative. Many of the 
previous studies that have evaluated photo and LV-based landscape visualisations have
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focussed on evaluating the effectiveness of the images as landscape surrogates rather than 
specifically as tools for impact assessment.
Despite the limitations of Web-based visualisations the general reaction to the online tools 
was favourable and the following section discusses the relative merits of Internet and 
meeting/exhibition-based approaches to presenting LVIA information in more detail. The 
inclusion of respondent characteristics in the evaluation and the division of respondents into 
various stakeholder groups proved useful for gaining an understanding of how an individual's 
background influences the way they perceive different visualisations. Despite these 
differences it was clear that photomontages were the preferred tool for assessing the potential 
impacts of the proposed wind farms. The findings support previous research that has 
compared virtual landscapes with real landscape surrogates, represented by photographs, and 
found that photographs and/or photomontages produced better representations of the actual 
landscape. However, it was also found that photomontages were not without their own 
considerable drawbacks, namely their temporal, spatial and dynamic limitations.
The level of realism of the visualisations was overwhelmingly cited as the reason for the 
differences in the scores attributed to each of the tools in terms of their effectiveness for 
assessing landscape and visual impacts. The level of realism of the LV outputs was clearly not 
thought to be as high as the photomontages, although it was often dependent on the scene 
being portrayed. For example, it was generally felt that wider distant landscape scenes with 
few surface features were well represented by 3D stills, whereas scenes which were 
dominated by close-up foreground were less convincing, something which has been observed 
in previous research (Appleton and Lovett, 2003). While it will never be possible to model 
virtual landscapes in the same detail as real landscapes (Ervin, 2001), the realism of virtual 
scenes will undoubtedly increase with advancements in LV software, improvements in the 
resolution and accuracy of spatial data, and a move to the automated generation of 3D surface 
features.
However, as Sheppard (2004 p. 5) observed, "...realism and detail may be counter productive 
for cognition, where more abstract renditions can help simplify and explain complex 
relationships in complicated landscapes." This highlights the need to determine the level of 
realism required in LV images for successful implementation of virtual landscapes in 
planning scenarios, which is one of the key ongoing areas of research in this field (Appleton
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and Lovett, 2003). There is also a pressing need for more research into the representation of 
uncertainty in virtual landscapes, particularly as levels of realism increase (Appleton, 2004). 
This also draws attention to the need for comprehensive guidelines, standards and procedures 
for preparation and presentation of visualisations (Sheppard, 2001) so that the legitimacy of 
LV imagery can be defended in planning scenarios. Given the vast number of applications, 
software, data and modelling techniques in this area it is difficult to see how this might be 
achieved. Any guidelines produced are likely to be very general and will be in need of 
constant review as the technology develops. Further work is discussed in more detail in the 
following chapter.
Although the visualisation evaluation has been useful for directly comparing some of the 
main tools used in assessment of proposed wind farms, an important theme arising from 
numerous respondents' comments made throughout the entire survey was the notion that each 
tool has its own particular strengths and weaknesses. What the survey revealed was that while 
a comparison of the tools was necessary and valuable, it was the availability of a wide range 
of tools that respondents thought was perhaps more important for allowing a confident 
assessment of a proposal, a conclusion reached by Al-Kodmany (1999) in previous related 
research.
9.3.2 Internet-based Public Participation
The discussion in this section is split into two parts based on the research objectives outlined 
in Chapter 1. Rather than discussing the results of each Participation Question in turn, the 
discussion combines the results of the questions to address the two main objectives related to 
this part of the research. Therefore, section 9.3.2.1 focuses on the results relating to the 
potential of Internet based PPGIS for increasing participation whereas Section 9.3.2.2 is a 
discussion of the results relating to the potential of such approaches for improving public 
participation in wind farm planning.
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9.3.2.1 Potential for Increasing Participation
The discussion in this section relates to the potential of Internet-based participation, in 
particular participatory websites based on online LVIA tools similar to those presented in the 
survey, for increasing public participation in wind farm planning. The discussion draws on the 
findings of Participation Question 1 (Section 8.2) and Participation 2 (Section 8.3) in order to 
assess this potential.
Participation Question 1 asked the participants if they would be prepared to participate in the 
wind farm process via a website that would allow them to explore a wind farm proposal using 
interactive LVIA tools. Kingston (2007b) suggests that while there is a role for PPGIS in the 
planning process, very little research has been conducted into assessing how many people are 
actually prepared to participate in this manner. The responses to Participation Question 1 
indicated that the majority of respondents would either definitely (40.9%) or probably (27%) 
be prepared to share their views on such a website with very few respondents indicating that 
they would not be likely to participate via the Internet (only 3.5%). Members of the public 
that took part in the survey viewed the prospect of Internet-based participation very positively 
suggesting that the possible uptake of such a system by the public as part of a 'real' future 
wind farm planning application might be high.
However, it could be argued that the reason that some of the members of the public 
participated in the survey was because they already had a high level of interest in planning, 
wind farm development or specifically the Fforch Nest Wind Farm application. Also, those 
that took part in the survey clearly had access to a computer with an Internet connection, and 
an analysis of the occupations of those in the Public group (see Section 6.5.1), found that 
many were employed in higher-level jobs suggesting that there were few, if any, members of 
the public from 'marginalised' social groups that participated in the survey. In an analysis of 
the respondents taking part in a previous PPGIS experiment, Harrison and Haklay (2002) 
found that the participants were typical of the 'active publics' that usually participated in the 
planning process (Rydin & Pennington, 2000; Thomas, 1996) in that there were no 
participants from marginalised social groups. Harrison and Haklay (2002 p. 7) observe that 
this "...might seem inconsistent with addressing one of the main goals of the PPGIS agenda, 
that of increasing access to marginalised social groups." However, they contend that ".. .in the 
British case, even those publics who already participate in the planning process believe
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themselves to be marginalized and disempowered by existing planning structures and 
practices" (see also Davis, 2001).
Consequently, antipathy towards existing participatory planning process has been proposed in 
previous PPGIS research as one of the most significant potential barriers to the development 
of Internet-based participation (Carver, 2001; Harrison and Haklay, 2002). Despite this, there 
were no comments made in this particular study explicitly stating that previous negative 
experiences with the planning system would deter respondents from participating via the 
Internet (although there is evidence the analysis of the results in Section 8.2 to suggest this), 
although some respondents commented that they would need reassurances that their voice was 
being heard. This is surprising given that almost half of the respondents in the Public group 
had previously attended a wind farm planning meeting/exhibition, although this number is 
low in comparison to the total number of respondents that took part in the survey (8%). The 
majority of LVIA respondents, as expected had previously attended planning meetings, and 
although they might have negative experiences of the planning system they are perhaps less 
likely to have experience of participating as a member of the lay public.
Notwithstanding these observations, it is believed that antipathy towards the planning system 
by members of the public will still be a significant factor influencing the levels of uptake of 
future ICT-based participatory planning initiatives. Anecdotal evidence of negative public 
opinion gained from attendance at wind farm meetings supports the observations of Harrison 
and Haklay (2002) and Carver (2001) in this regard and other research has highlighted the 
feeling of disempowerment and disillusionment amongst the public in the wind farm planning 
process (Warren et al., 2005). This should not detract from the fact that in this particular study 
the respondents were overwhelmingly positive regarding the opportunity to participate in the 
wind farm planning process via a visualisation-based planning website. The opportunity to 
move beyond a one-way dissemination of information (as exemplified in the Web survey) to a 
two-way collaborative planning system was noted as a factor which may further increase 
potential participation.
The analysis of the results of Participation Question 2 (Section 8.3) provides further optimism 
regarding the potential of the Internet for increasing participation. Respondents 
overwhelmingly indicated that having a visualisation-tool based participatory planning 
website would make them more likely to take part in the wind farm planning process. The key
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theme to emerge from the responses was that easily accessible, relevant planning information 
could in itself result in increased participation via existing participatory processes. By 
increasing the access and quality of LVIA information, many participants felt that this would 
provide them with a greater understanding of the problem, allow them to make more informed 
decisions and result in them being more likely to participate. There was general feeling that 
novel interactive Web tools such as the ones presented in the survey would also increase their 
interest and enthusiasm in the planning process. This reinforces the findings of previous 
PPGIS research projects that observed similar positive reactions to the effects of accessible 
online participatory planning tools/information (for example Carver et al 2004). Evans et al., 
(2004) found that a better understanding of the planning problem through the use of Internet- 
based PPGIS may also result in more altruistic decision-making on behalf of the public, 
which would potentially have a positive impact on the decision-making process in terms of 
increasing the chances of reaching consensus.
In summary, the findings indicate that participation in the planning process, either via existing 
or ICT-based methods is likely to increase as a result of the innovative dissemination of 
relevant planning (in this case LVIA-related) information and the opportunity to participate 
via the Internet. This supports the findings of previous research, reviewed in Chapter 2 
(Section 2.3), relating to the importance of effective information dissemination as the 
fundamental building block (or first the rung of Arnstein's ladder of participation) of public 
participation in the planning process (Arnstein, 1969). It also highlights the importance of 
visual information for communicating the potential impacts of a development on a landscape 
(Zube et al., 1987). Whilst this section of the discussion has focussed on increasing 
participation, the issue of whether participation via the Internet can improve the quality of 
public involvement in wind farm planning, and the mechanisms by which this might be 
achieved are discussed in the following section.
9.3.2.2 Potential for Improving Participation
In the previous section it was found that Internet-based participatory approaches incorporating 
visual tools to help the public assess the impact of a proposed wind farm, as demonstrated in 
the survey website, have real potential for increasing participation in the wind farm planning 
process. This part of the discussion draws on the findings of the results of the remaining
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participation questions (Participation Questions 3, 4 and 5 - Sections 8.3, 8.4 & 8.5) to assess 
how Internet-based PPGIS approaches such as these might improve citizen involvement in 
wind farm planning and improve the decision-making process. The benefits of improved 
information dissemination have been highlighted previously and the discussion now moves on 
to consider ways in which these tools can be used as the basis for a two-way collaborative 
planning system which could incorporate the public's opinions and choices into the decision- 
making process. Based on the feedback submitted by survey participants, and drawing on 
existing research, the relative advantages and disadvantages of traditional and Internet-based 
participation are also discussed.
Participation Question 4 (Section 8.5) asked the survey respondents if they thought that 
Internet-based approaches had the potential to improve public participation in the planning 
process. The results showed that the overwhelming majority of survey respondents from all 
respondent groups considered that the Internet does have the potential to increase 
participation. Again, the main theme to emerge from the responses to this question across the 
respondent groups was one of accessibility of information and services and the notion that the 
Internet would enable participation by a wider audience. Specifically, the comments of the 
respondent's reflected observations made in earlier PPGIS research regarding the ubiquity of 
the Web and the advantages of 24/7 access to information and services that it affords, thereby 
lifting the spatial and temporal constraints imposed by traditional meeting/workshop-based 
events (Kingston et al., 2003).
Respondents from all groups including the public group showed good awareness of these 
potential advantages and commented that Internet-based participation would be particularly 
beneficial to those with decreased mobility as a result. Many respondents also thought that 
Internet-based participation would be less intimidating than voicing their opinion at a 
planning meeting, a potential benefit that has also been widely raised in planning-related 
PPGIS research (Carver et al., 2000). Beddoe and Chamberlain (2003) note how the 
effectiveness of wind farm planning meetings can often be compromised by the hostile 
atmosphere that is generated at such events, and Davoudi and Healey (1995) highlight how 
the complex technical jargon used by planners and developers at meetings can also discourage 
people from attending. Those respondents in the 'expert' groups as expected picked up on 
these potential advantages, but more importantly it was clear that there was a good general
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level of awareness amongst those the Public group regarding the potential ways in which 
Internet-based methods might improve the way they participate in the planning system.
In addition to the broader advantages of Internet-based participation in wind farm planning 
there were many comments made regarding the potential benefits of Web-based visualisations 
of the type that were evaluated in the survey. The fact that the LVIA information was readily 
accessible was again reiterated, and the wide range of options for assessing landscape and 
visual impacts was viewed very positively, despite differences in personal views and 
preferences regarding the various visualisations. Many of the survey respondents found the 
presentation of the visualisations further improved the accessibility and relevance of the 
LVIA information and there were numerous comments made from respondents across the 
groups suggesting that they thought the attractive nature of the online media and the ability to 
browse the information at their own leisure would advance existing information dissemination 
exercises and would encourage and improve the quality of participation. Many of the survey 
participants who responded to this question thought one of the main ways in which public 
participation would be improved is that the planning process would benefit from the 
participation of more-well informed participants making more well-informed and altruistic 
judgments. This supports the findings of previous PPGIS research by Evans et al. (2004) who 
found that participants in their study expressed similar sentiments following the use of a an 
online multicriteria PPGIS system related to nuclear waste facility siting. These findings are 
also in agreement with the observations of Perkins and Barnhart (2005 p. 243) who postulated 
that the effective provision of visualisation in a planning context "...does not create a high 
level of empowerment among citizens per se, but they greatly facilitate the discussion."
Indeed, the results of Participation Question 3 (Section 8.4) where respondents were asked to 
compare Internet and meeting-based approaches to LVIA information dissemination showed 
that of those respondents that had previously attended a wind farm meeting/exhibition, the 
majority thought that the Web-based visualisations were generally more effective. Although 
the overall number of previous 'attendees' was low in proportion to the overall number of 
respondents, this is nevertheless a significant finding particularly as members of the LVIA 
and Public groups comprised the majority of these respondents, indicating that both landscape 
'experts' and lay citizens thought that Web based approaches were effective. There has been 
very little previous research that has directly compared the effectiveness of event and Internet- 
based visualisations in a planning context. Probably the most relevant was the study
310
Chapter 9 - Discussion
conducted in Germany by von Haaren & Warren-Kretzschmar (2006) who used Internet and 
meeting-based media to support public participation in planning. In contrast to this study, they 
found that participants preferred the use of visualisations presented at meetings, although the 
research was conducted in a small rural town where Internet access was admittedly limited.
Despite the general enthusiasm for LVIA information dissemination via interactive online 
tools and positive feedback regarding the potential of the Internet for improving participation, 
the respondents voiced many varied concerns regarding the possible drawbacks of such 
approaches. One of the main concerns expressed by respondents from all groups was the 
worry that Internet-based participation could prove to be divisive by excluding the non IT- 
literate and those without access to the Internet, factors that have been highlighted in probably 
every piece of existing research related to the use of ICT and public participation. While this 
is a valid concern, it is felt that the potential overall increases in participation that could 
materialise as a result of Internet-based approaches may outweigh the unavoidable 
marginalisation of some sectors of the community. Current methods of participation have 
been shown to be divisive and temporally and geographically restricted and Internet-based 
approaches have been shown to have the potential to lift some of these constraints, but to 
expect such approaches to have no limitations is unrealistic. Also, it is important to be 
mindful that this is a discussion on the future prospects of ICT-based participation. As time 
progresses then current inequalities of access to the Internet will continue to diminish while 
levels of IT literacy continue to increase.
The related issue of usability was also a key theme to arise from the evaluation. The 
comments made by survey participants across the groups indicated that the user-friendliness 
of an Internet-based system would be a huge factor in determining the success of such an 
approach. It was clear that improved participation via a website that incorporated interactive 
maps and visualisations such as those exhibited in this study would require a system that is 
intuitive and easy to use. The findings of this study show that even those who consider 
themselves experienced IT users may struggle with certain facets such as the problems 
encountered by the majority of participants who experimented with using the interactive real- 
time 3D model. Such issues have been highlighted in previous research (Haklay, 2003) and 
there is an urgent need for more HCI research in this area to understand and address these 
problems so that access to such tools can be increased (Longley, 2006).
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Further potential drawbacks of using Web-based approaches for improving public 
participation that were highlighted by many respondents in the study included concerns over 
the possibility that such mechanisms could be dominated or even sabotaged by strongly 
opinionated individuals or groups. Such concerns have been raised in previous PPGIS 
research (Elwood and Leitner, 1998) and as yet it appears that there are no established ideas 
on how such potential problems might be tackled. A number of respondents were of the 
opinion that information presented on the Internet relating to the impacts of a proposed wind 
farm might be viewed with suspicion by some, but presumably any mistrust that a member of 
the public might have in a wind farm developer or LPA would not be restricted to Web-based 
information. Although focussed on assessing landscape and visual impacts in this study, some 
respondents felt that a future Web-based system should incorporate more information to allow 
the assessment of other environmental impacts to be made. Further work needs to be dojie to 
explore ways in which potential noise impacts, for example, can be incorporated.
It is not possible to discuss in detail all of the potential advantages and disadvantages of 
Internet-based participation that were raised by respondents in this study. The synopsis of the 
results of Participation Question 5 (Section 8.6) provides a useful summary of the relative 
advantage and disadvantages of Web-based participation as suggested by the survey 
respondents. This shows that overall there were many pertinent points made regarding the 
relative potential strengths and weakness of Internet-based participation and it highlights a 
high level of awareness of such issues amongst the participants, including members of the 
public. One further point for discussion relating to the potential drawbacks of Internet-based 
participation for improving participation in wind farm planning that emerged from an analysis 
of respondent feedback was the feeling that Web-based approaches were unlikely to replace 
the need for face-to-face contact at planning meetings. Although the accessibility of an 
Internet-based planning support system was widely regarded in a positive light, many 
respondents raised doubts about whether such an approach could be used for actual decision- 
making.
Some members of the public thought that whilst the idea of expressing their views on a 
project via a website would be useful, they would be sceptical of their opinions being heard, 
whereas at a public meeting they would be more certain that their point had been made. 
Others commented that it would be useful to have someone available in-person that could 
help to explain certain aspects of impact assessment and the planning system and the ability to
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talk directly with local government officials if necessary was also thought to be crucial. 
Perhaps the most significant finding to emerge from the comments submitted by the survey 
respondents was the notion that Internet and event-based approaches are complimentary and it 
is a combination of the two mechanisms that would potentially improve participation in the 
planning system. In their study in Germany, von Haaren & Warren-Kretzschmar (2006 p. 101) 
found that although members of the public were not yet prepared to replace traditional 
methods of participation with Web-based mechanisms the consensus was that the two 
approaches complimented each other effectively:
"...if citizenship is to be enhanced, as the Aarhus convention requires, then 
simply publishing information on the Web and providing citizens with the 
opportunity to respond is not sufficient. Both new and traditional means of 
communication, such as town meetings, are essential for successful citizen 
participation."
A number of survey respondents in this study asked how Internet-based participation would 
work and how exactly they might influence the decision-making process by such means. A 
local government planning official, for example, whilst positive towards the potential of Web- 
based interactive LVIA information for increasing participation, wondered how this 
technology might progress from the provision of information to enable two-way 
communication that would support the decision-making process. Nyerges and Patrick (2007) 
noted that the theoretical and technical challenges for achieving consensus via asynchronous 
ICT-based participatory approaches are still considerable and there is little evidence in the 
research literature to indicate that Web-based methods have been used successfully in a real- 
world environmental planning context to facilitate successful decision-making through public 
participation. However, it is thought that Internet-based PPGISs can be used to support 
democratic decision-making and empower citizens in wind farm planning in specific areas, 
such as the mitigation of potential visual impacts, but it is important to remain realistic about 
the limitations of such systems. While actual consensus-building via such means may prove to 
be difficult, it is thought that PPGIS might have an important role to play in the planning 
system as a decision-support rather than a decision-making tool. Rather than try and replicate 
or replace traditional synchronous mechanisms of participation, the aim, in the short term at 
least, should be to concentrate on using PPGIS to support these processes.
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Previous research into the use of Internet-based PPGIS systems that has focussed on the 
regional planning and site selection phases of developments such as Carver et al.'s (1997) 
nuclear waste facility siting system and Simao et al.'s (2008) PPGIS approach to wind farm 
siting, have shown good potential for increasing public understanding of the issues involved 
and increasing public interest in the planning process. However, in the case of wind farm 
planning in the UK, it is believed that the real opportunity for public empowerment through 
the use of PPGISs is during the EIA stages of a wind farm project. Whilst PPGISs have useful 
potential for increasing public understanding of the rationale and processes behind the 
identification of suitable wind farm sites, what is less clear is how public input can influence 
regional-scale planning in this regard.
In Wales for example, broad areas for wind farm development have already been identified 
based on objective sieve mapping approaches where wind resource was compared with 
constraining factors to identify suitable sites (Miller et al., 2002). As a result, these Strategic 
Search Areas are similar in nature, being broad upland areas of Wales that are in a rural or 
semi-rural setting. Whether or not the policy of grouping wind farms at these areas is 
favourable is a matter for another discussion, but it is difficult to dispute the underlying 
principles behind the selection of these elevated and exposed locations in terms of their 
potential for generating energy from wind. Members of the public, without strong views on 
the development of wind farms and faced with the same wind resource and constraint data, 
would likely choose very similar areas for wind farm development given the opportunity to 
perform such analysis. Also, it could be argued that the complexity of GIS-based site 
selection interfaces and concepts, whether based on sieve mapping or more sophisticated 
multicriteria approaches could potentially discourage mass participation by members of the 
lay public, although there is very little empirical work available to support or refute such 
claims. Previous research into the use of multicriteria PPGIS for supporting environmental 
decision-making have largely evaluated prototypes using relatively small groups of users in 
controlled environments (for example Carver et al., 2000), and there is a need for further 
research into the usability of such systems amongst the wider public.
Here, it is argued that there is a much greater opportunity for public empowerment via a 
PPGIS during the more advanced stages of wind farm planning when a developer has 
produced plans for a specific wind farm development. As discussed previously in Section 2.2,
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there are numerous opportunities for public participation during the pre-application phase of 
the EIA stage in wind farm planning which could be potentially enhanced with the use of 
well-designed PPGIS incorporating tools for assessing the potential visual impacts of wind 
farms. Figure 9.2 shows the increasing levels of participation in wind farm planning based on 
Arnstein's (1969) original ladder of citizen participation (Figure 2.2). The first level, which 
involves informing the public, comprises a one-way flow of information from the developer 
regarding the planned development. With traditional approaches this may involve the 
dissemination of LVIA information throughout the EIA stage via public exhibitions and or 
mail shots. However, as the findings of this survey suggest, a PPGIS incorporating interactive 
Web-based visualisation tools could help to augment the dissemination of this important 
information, increase public understanding of the proposals and help promote further 
participation. Such a system could be improved to allow a two-way flow of information 
between the developers/LPA and the public in conjunction with existing methods such as 
meetings workshops and phone lines, thereby moving up to the next level of participation, 
that of consulting the public.
Inform




plan to do, what
do you think?
Involve
This is what we 





This is what we 





What should we 
do?
Figure 9.2 Increasing levels of public participation in wind farm planning (reproduced from CSE et al, 2007 p. 
27)
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There are a number of ways this information gathering exercise might be achieved using a 
PPGIS Web interface. Conventional Web forms could be used to send feedback via email or 
to a database on a Web server, or participants could choose to post comments via an 
interactive mapping interface similar to that demonstrated by Carver et al. (2001) as part of 
their Virtual Slaithwaite project. This idea could be further extended to enable users to submit 
comments via geo-referenced landscape images or even through a real-time 3D interface. This 
would allow members of the public to contribute local knowledge and opinion directly to a 
GIS database which would potentially increase the quality and relevance of the feedback 
received by the planners and developers. Members of the community could highlight areas 
that are potentially highly sensitive to perceived negative visual intrusion from wind turbines 
with a high degree of accuracy, but the system could also be used to capture other relevant 
feedback relating to, for example, potential problems with construction traffic on sections of 
local roads. How peoples' opinions and information are then incorporated into the planning 
system is a matter for the LPA, the public and the developers but such a system might have 
good potential for improving the information-gathering exercise. If such an exercise results in 
changes to a wind farm plan designed to mitigate or remove some of the potential impacts that 
have been highlighted, the public have become directly involved in the planning process and 
the next level of participation (Involve) has been achieved.
One of the most promising uses of Web-based landscape visualisation and assessment tools in 
participatory wind farm planning is the possibility of further increasing citizen involvement at 
the site-specific level by giving members of the public the opportunity to examine and choose 
between real alternative planning scenarios. Glasson et al. (2005) highlight the importance of 
the consideration of alternative planning scenarios in generic EIA processes for increasing 
participation and mitigating potential impacts and Coles and Taylor (1993 p. 220) reiterate the 
potential value of mechanism in the context of wind farm planning in the UK:
"The consideration of alternatives is an integral part of the development process, 
and is particularly important in the development of renewable energy...The 
investigation of alternative sites and layouts using the range of evaluation 
methods available should be a standard requirement..."
However, it appears that such opportunities are not being taken by LPAs and wind farm 
developers in the UK (Devine-Wright et al., 2001). Given the potential benefits that improved
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participation might deliver (Section 2.3) there is an urgent need to investigate means by which 
this could be facilitated. Recent research that has reviewed the use of IT approaches for 
promoting public participation in renewable energy planning has evaluated the potential of 
using GIS-based interfaces for exploring the potential visual impacts of wind farm 
developments and highlighted the role that scenario-modelling could play in the participation 
process for mitigating such impacts (Higgs et al., 2008). An Internet-based PPGIS could make 
use of the full range of LVIA tools to present various wind farm plans with different turbine 
layouts, numbers and designs and LV-based visualisations could prove to be particularly 
useful in this regard. The speed with which plans can be re-visualised based on user feedback 
(made via the Web or via 'traditional' processes) and ported back to the Web would 
potentially increase the efficiency of the planning system and improve the transparency and 
legitimacy of the participatory process.
If members of the public can see that some of their concerns over potential visual impacts 
have been addressed, then it is reasonable to suggest that compromises between the various 
stakeholder groups might be reached more readily. Citizen collaboration with an LPA and 
wind farm developer in this way would result in the level of public involvement climbing 
towards the upper levels of participation as shown in Figure 9.2. Scenario modelling could be 
further extended by combining multicriteria (Bishop et al., 2009; Higgs et al., 2008) and 
choice experiment (Laing et al., 2005) techniques with Web-based landscape visualisations 
which would allow members of the public to gain a deeper understanding of the decision- 
making processes behind the design of specific wind farm plans. There is also the possibility 
of incorporating sophisticated real-time models similar to those (standalone workshop-based 
visualisations) demonstrated by Ball et al. (2008) and Miller et al (2008a) into a future 
Internet-based PPGIS whereby users could examine the engineering/planning constraints and 
potential visual impacts by interactively moving or removing individual wind turbines within 
the scene.
There is clearly a good potential for improving public participation in the pre-application 
stages of wind farm planning via the aforementioned PPGIS/visualisation-based methods. 
Opportunities for the use of such systems are not restricted to any one phase of the 
EIA/planning process although the consensus of previous research suggests that the public 
should be engaged at the earliest possible opportunity to maximise the chances of establishing 
effective participation (Joao and Fonseca, 1996). Although some of the more sophisticated
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technology discussed previously such as interactive real-time models and multicriteria 
systems would require further research and development, there are no significant technical 
barriers preventing the implementation of a PPGIS incorporating basic scenario modelling 
functionality into the planning process for a real wind farm planning application. There is a 
pressing need to evaluate a PPGIS for supporting public participation and decision-making in 
the 'real world' as there is a danger of such systems remaining as concepts or prototypes.
While those strongly opposed to the development of onshore wind turbines may not benefit 
from such mechanisms, the opportunity for using innovative approaches to increase the 
chance that compromises between different stakeholders in the wind farm planning process 
can be reached more quickly must be taken (Bell et al., 2005). Higgs et al. (2008) note that 
while judging the success of such approaches would not be straightforward, it might be 
possible to draw on previous research such as the work of Rowe and Frewer (2000) who 
suggest measures by which the effectiveness of such mechanisms could be assessed, based on 
the changes made to development proposals as a result of public participation exercises. If the 
technological and theoretical frameworks are already in place then the next challenge is to 
encourage those stakeholders with an interest in a specific planning application to enter into a 
partnership with PPGIS researchers and 'make it happen.' If a wind farm developer and a 
local authority are presented with the potential benefits of PPGIS for improving public 
participation and speeding-up the decision-making process they could be persuaded to embark 
on an evaluation of such a system. The organisational and financial structures for supporting 
the production and maintenance of a 'real-world' PPGIS need further thought. However, if an 
evaluation of such a system proves that it provides benefits to the public, the developer and 
the LPA, and offers wider potential benefits in terms of reaching the Government's renewable 
energy targets and delivering improved public participation in other areas of landscape 
planning, then the resources necessary to deliver it may prove to be a worthwhile investment.
9.3.2.3 Summary
The discussion of the findings of the Participation Questions section of the Web survey has 
provided new and encouraging evidence to support the use of a visualisation-based PPGIS for 
increasing and improving public participation in onshore wind farm planning in the UK.
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Confirming the findings of other studies that have explored the benefits of such technologies, 
such as those of Harrison and Haklay (2002) and Kingston et al. (2000), survey participants 
were optimistic regarding this potential and generally gave strong support for the 
development and implementation of these technologies in a real-world planning context. 
Despite concerns over the marginalisation of some social groups in the main survey 
respondents felt that participation by a wider audience would be encouraged with the 
availability of such systems. This addresses one of the key elements of the current PPGIS 
research agenda, which is the need to gauge the potential levels of uptake of PPGIS initiatives 
by the public (Kingston, 2007b).
The level of antipathy amongst members of the public towards current participatory planning 
processes was not evaluated in this study but indications are that this could have a significant 
negative impact on the success of future PPGIS-based initiatives. Even though the overall 
number of public participants was not large, it was perhaps surprising that there was not more 
feedback related to their experiences of existing planning processes although this could have 
been explicitly investigated. This could be done through more in-depth interviews with 
respondents, for example, and is an area for further research. Survey participants were 
generally of the opinion that public participation in the wind farm planning process could be 
augmented with the introduction of ICT-based approaches although usability-related issues 
and fears over the potential domination of Internet-based participatory mechanisms by anti- 
wind farm groups emerged as important concerns that would need to be addressed to ensure 
the success of any future system. It was found that increased access to relevant planning 
information presented using interactive media could empower citizens by increasing their 
understanding of the potential impacts of a proposed wind farm, resulting in more informed 
decision-making.
A significant finding of the survey was that the majority of participants who had previous 
experience of viewing LVIA information at a planning event preferred Internet-based 
visualisations to those presented using 'traditional' media. This is in contrast to other related 
work by von Haaren (for example von Haaren and Warren-Kretzschmar, 2006) who found 
that citizens' favoured meeting-based material over interactive visualisations made available 
on the Web. However, the limitations of Web-based LVIA information were highlighted (for 
example, limited display size) and the main theme to emerge from an analysis of respondents 
feedback was that the majority viewed both approaches as complimentary. The consensus was
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that a combination of the two approaches would be advantageous for assessing the potential 
visual impacts of proposed developments, which supports the findings of von Haaren and 
Warren-Kretzschmar (2006) in this respect.
Despite general support for Internet-based participation, survey participants queried how such 
an approach might work in the context of the landscape and visual impact assessment of wind 
farms. The discussion then moved on to consider how Internet-based LVIA tools such as 
those demonstrated in the survey could be used to form the basis of a participatory website 
designed to involve the public in mitigating the potential visual impacts of wind farms as part 
of the EIA phase of the planning process for a specific proposal. The discussion considered 
how each level of public participation could be reached with the use of such a system by 
disseminating practical and compelling LVIA information, gathering local, spatially- 
referenced knowledge and involving the public through the use of scenario-choice 
frameworks and sophisticated real-time landscape visualisation tools. The discussion 
concluded by suggesting that the main way in which the research in this area can move 
forward is by pushing for a practical implementation and evaluation of such a system for 
supporting citizen involvement and decision-making as part of a real planning application. It 
was argued that it is in the interest of all stakeholder groups to see that this becomes a reality.
9.4 Chapter Summary
This chapter has presented a discussion of the main findings of the research and highlighted 
their relevance in relation to existing and future research focussed on the use of PPGIS for 
increasing and improving public participation in wind farm planning in the UK. The specific 
areas where this research has supported, conflicted or added to existing knowledge in this 
field have been discussed and summarised in each of the preceding sections. In more general 
terms the discussion has shown how this research has investigated issues related to the two 
key driving forces behind PPGIS research, namely the need to provide the public with more 
accessible and relevant information and the need to facilitate a more interactive and 
collaborative approach to planning in order to empower communities (Harrison and Haklay, 
2002). In the context of onshore wind farm planning in the UK, the discussion has described 
how the use of an innovative Internet-based survey approach has been used in order to
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successfully meet the main research objectives outlined in Chapter 1. In the following and 
final chapter, the main conclusions of the research are presented and the key strengths and 
weaknesses of the research are examined. The concluding chapter also outlines avenues for 
further work.
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10.1 Introduction
This concluding chapter firstly presents a concise summary of the thesis and the key findings 
and achievements of the research, and describes how the work has addressed the original 
research objectives outlined at the beginning of this thesis, and contributed to the existing 
literature (Section 10.2). The findings of the research and their implications for the future of 
wind farm/landscape planning are then briefly discussed in Section 10.3. Some of the main 
limitations of this research are then outlined in Section 10. 4. The key findings and limitations 
of the research are then drawn on in Section 10.5 to provide recommendations for further 
research and practical recommendations and/or considerations for the production of future 
visualisation-based PPGIS. Concluding remarks are then offered in the final section of this 
chapter (Section 10.6)
10.2 Reflecting on the Research Objectives and Key Findings
It was apparent from a review of the research literature (Chapters 2 and 3), that there were 
weaknesses associated with traditional approaches used to assess the potential visual impacts 
of wind farms and disseminate the associated visual planning information to citizens during 
the public consultation stages of the wind farm planning process. The overall aim of the thesis 
was to examine the potential of ICT/GIS-based methods for enhancing traditional approaches 
in this regard, and to assess the extent to which such approaches might increase and improve 
public participation during the early stages of the wind farm planning process. Throughout the 
research literature, increased and improved public participation in the planning process is 
generally considered to be a desirable goal, providing a number of potential benefits for 
various stakeholders involved in the planning process, and wider benefits in terms of 
ameliorating current problems with the planning system and helping to deliver the UK 
Government's renewable energy targets. Previous research had highlighted the potential of 
LV and ICT/GIS-based methods for overcoming some of these limitations (summarised in 
Section 1.3), but more research was needed to provide further evidence to support these 
findings.
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In order to address the underlying research problem, three practical research objectives were 
identified. These objectives were outlined at the outset of this thesis. The objectives were as 
follows:
1. Examine the effectiveness of traditional and digital landscape visualisation-based 
methods for assessing the potential visual impacts of wind farms.
2. Examine the potential of online (GIS-based) visualisation-based approaches for 
increasing and improving public participation in wind farm planning.
3. In support of the two main objectives above, another objective was to assess the 
current levels of use of traditional and digital landscape visualisation-based techniques 
in the LVIA and public consultation phases of wind farm planning, and to determine 
the extent to which Internet-based approaches are presently being used by wind farm 
developers to communicate and disseminate such information to the public.
A postal questionnaire-based survey aimed at 'landscape professionals' involved in the 
production of LVIA material in the EIA and public consultation phases of wind farm planning 
in the UK was conducted in order to meet the third objective, outlined above. The 
methodology and results of this 'state of play' survey were presented in Chapter 3 (Section 
3.3). The findings of the survey showed that LV-based visualisation techniques are now being 
used alongside traditional map and photo-based methods in the EIA stages of wind farm 
planning, although indications are that they might be less commonly used for informing the 
public. The results suggested that Interactive real-time LV is rarely used in this respect. The 
findings from the survey also indicated that at the time the research was conducted (October, 
2005), Internet-based approaches for disseminating LVIA information were not being utilised. 
The survey was valuable for updating previous research (Benson, 2005; Coles and Taylor, 
1993) and confirming the findings of the literature review. It further justified the need for an 
Internet-based survey study, designed to meet the first and second objectives of the research 
as described above.
Chapters 2 and 3 present the review of the literature and the 'state of play' report and provide 
a rationale for conducting the research in this thesis. The research conducted in these chapters 
reveals the gaps in the existing research and highlights the timeliness of this work given the 
recent growth in interest in the area of public participation in planning and advances in digital
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visualisation-techniques and the current policy importance of delivering enhanced citizen 
involvement in wind farm planning in the UK. Chapters 4 to 6 describe the methodology 
adopted for designing and producing the Internet-based survey. Chapter 4 covered the 
Production phase of the project which described the initial design of the Web survey 
questionnaire, selection of the study area and the acquisition of software and data. Chapter 5 
explained how the various visualisations that were evaluated in the Web survey were 
produced and Chapter 6 described the development of the survey website.
The key achievement of this research was the successful implementation of the interactive 
visualisation-based Web survey which led to research objectives 1 and 2 being met. The main 
body of this thesis describes in detail how this was achieved in relation to a 'real world' wind 
farm planning example. A combination of modern Web mapping and GIS/landscape 
visualisation software was employed to produce an innovative solution to accomplishing the 
research objectives. Combining the numerous different types of software and data used in this 
study to produce the Web survey represented a considerable technical challenge, particularly 
as it was a one-person project. A considerable investment of time and effort was required in 
order to gain experience with, and then combine, the numerous programs and datasets used to 
create a single Web application.
There is little evidence in the research literature to suggest that this type of interactive map- 
based survey approach has been used in previous research studies to focus on the evaluation 
of visualisations for impact assessment and public participation in a landscape planning 
scenario. Whereas the use of map-based tools have been previously explored in community 
and landscape planning (for example Carver et al., 200la), the approach adopted in this study; 
i.e. using interactive Web maps to serve static and dynamic visualisations as part of an 
Internet-based survey, is thought to be innovative. Also, much of the previous PPGIS research 
has been focussed on urban planning and urban regeneration. There is less evidence from the 
published literature to suggest that there have been many innovative online GIS-based 
approaches implemented in rural/semi-rural participatory landscape planning scenarios.
Also, there is little evidence to suggest that such a wide range of LVIA tools have been 
evaluated in previous research. The evaluation of visibility maps, photomontages, wireframes 
and LV-based visualisations as part of a single study is thought to be original in landscape 
planning research. Another novel aspect of the study was that the various tools and Web-
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based techniques were evaluated by a variety of individuals from a number of stakeholder 
groups including members of the public, planners, 'landscape professionals' academics and 
students. This provided interesting new insights into the differences in the effectiveness of 
LVIA tools and Internet-based public participation in wind farm planning between certain 
types of individuals/groups.
One-hundred and fifteen respondents from five different stakeholder groups participated in 
the study. The results of the visualisation tool evaluation (Objective 1) were presented in 
Chapter 7 and discussed in Chapter 9. The findings reinforced much of the existing literature 
and, overall indicated that respondents preferred photo-based visualisations to LV and map- 
based tools for assessing the potential landscape and visual impacts of wind farms. However, 
it was generally accepted that each visualisation tool had its own particular benefits and 
drawbacks (usability being a key drawback, particularly for the real-time LV model) and 
many respondents saw the benefits of LV when used in conjunction with traditional 
visualisation formats, strengthening the findings of earlier research (for example von Haaren 
and Warren-Kretzschmar, 2006).
The level of realism of the images (particularly LV-based imagery) and their perceived 
accuracy emerged as major themes in determining the perceived effectiveness of the tools and 
the findings supported previous research in this area (for example Appleton and Lovett, 2003; 
Lange, 2001). Significant differences in the perception of the visualisations were noted 
between individuals and groups from different backgrounds and with different levels of IT 
experience and previous interactions with the planning system. Some notable findings in this 
respect included the differences in awareness of uncertainty in the visualisations between 
LVIA experts and members of the public, and indications of possible variations in the way 
'locals' and 'non locals' perceive abstract landscape imagery (Lange, 2001).
The Participation Questions section of the Internet-based survey used a series of closed and 
open-ended questions to gauge feedback on the Web-based visualisation tools and their 
potential for increasing and improving public participation in the wind farm planning process 
(Objective 2). An analysis of the results was presented in Chapter 8 and the findings discussed 
in relation to the existing literature in Chapter 9. The majority of respondents thought that 
such approaches have real potential for delivering improvement in these areas. Many 
respondents thought that the increased accessibility and improved presentation potential of
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LVIA information via the Web would widen participation in the planning process and the 
majority were of the opinion that they would use such a resource and that it would make them 
more likely to get involved. More generally, this research has reinforced the findings of 
previous work that has highlighted the importance of visual information communication in 
landscape planning scenarios.
The majority of respondents that had previously attended wind farm planning 
meetings/exhibitions thought that Web-based LVIA information was more effective for 
showing the potential visual impacts of a wind farm than traditional LVIA material presented 
at such events. Overall, respondents thought that participation in the planning process would 
be improved through the use of Internet-based visualisation/PPGIS approaches. Many of the 
reasons cited for this, including the lifting of geographical and temporal constraints associated 
with traditional methods of participation and increased anonymity, reflected observations 
made in previous research regarding the potential benefits of Web-based participation (for 
example Carver et al., 2004; Kingston et al., 2003). However the findings do contrast with 
those of a previous study by von Haaren and Warren-Kretzschmar (2006) who found that 
participants preferred meeting-based visualisations to Web-based material, although the 
planning scenario and audience differed from those in this study. In this research, many of the 
survey respondents thought that the availability of Web-based visualisations could not only 
help to facilitate the discussion, but that the quality of the discussion and participation would 
be improved as the various stakeholders in the planning process, including the local 
community, would be better-informed.
However, many possible disadvantages to Web-based participation were also put forward by 
survey respondents including fears over marginalisation of some groups and individuals 
(particularly those who are not IT literate or do not have access to the Internet), and concerns 
over the regulation of participants and concerns over the integrity of those involved in the 
development of such websites. This suggests that there could be a lack of confidence in 
existing participatory methods and perhaps apprehension that such approaches could be 
viewed as mere tokenism on behalf of the developers and planners. The user-friendliness of 
Internet-based systems also emerged as a key issue in determining the future success of such 
schemes, a vitally important factor that has been highlighted in previous PPGIS research (for 
example Haklay, 2003). Some respondents asked how Internet-based LVIA approaches could 
help to facilitate two-way discussion and collaborative decision-making in the wind farm
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planning process and Chapter 9 discussed some techniques that could help to achieve these 
objectives.
Following on from the previous discussion the key findings can therefore be summarised as 
follows:
State of Play Survey
• Photomontages were the most widely-used visualisation tool in all stages of the EIA 
process.
• LV-based outputs were commonly used by landscape professionals for supporting 
wind farm LVIA, but were used to a lesser extent during the public consultation stages 
of the EIA process.
• Interactive real-time LV is rarely used for public consultation during EIA stage of 
wind farm planning.
• The use of the Internet for disseminating visual LVIA information was extremely 
limited, although recent evidence suggests that this may be changing.
• There was no evidence to suggest that Internet-based real-time models were being 
created for public consumption as part of the wind farm planning process.
Visualisation Tool Evaluation
• Each visualisation tool was found to have its own benefits and limitations and the 
availability of a wide range of visualisation was generally found to be desirable.
• Photomontages were rated highest overall in all in each of the four evaluation areas.
• LV-based outputs were generally felt to lack the 'realism' of photomontages.
• Animated LV was rated more highly than static LV for assessing potential landscape 
and visual impacts.
• Problems with usability were a major issue with regard to dynamic LV-based visual 
tools, particularly navigation of the viewer position using the real-time Natureview 
software.
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There were marked differences in awareness of uncertainly/inaccuracy between
different stakeholder groups.
There are indications that differences exist in the perception of abstracted LV imagery
between locals and non-locals.
The results of the visualisation tool evaluation have reinforced the findings of previous
research in this area.
LVIA and Internet-based participation (Participation Questions)
• The majority of participants thought that the incorporation of Internet-based
visualisation tools into the EIA stage of the wind farm planning process would help to:
o Increase and widen public participation in the planning process through
improved presentation and access to LVIA information.
o Improve public participation in the planning process by creating more well- 
informed participants.
• Participants indicated that the availability of Internet-based visualisations such as 
those demonstrated in this research would make them more likely to participate in the 
planning process.
• The majority of respondents that had previously attended wind farm planning 
meetings/exhibitions thought that Web-based LVIA information was more effective 
for showing the potential visual impacts of a wind farm than traditional LVIA material 
presented at such events
• A number of potential advantages and disadvantages of using Internet-based 
visualisation and participation techniques in the wind farm planning process were 
identified. Usability emerged as a particularly significant issue in determining the 
success of future online visualisation-based participatory Websites.
• The findings helped to reinforce much of previous research.
The work conducted in this thesis has helped to address some of gaps in the literature and has 
been of value in reinforcing the findings of previous studies in related areas. This research has 
been achieved through the use of an innovative Internet/GIS/visualisation-based survey
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approach which has been produced by combining many different types of up-to-date software 
and data in an original way. In addition to providing new insight into the use and 
effectiveness of traditional and LV-based visualisation tools for wind farm LVIA, this work 
has contributed to knowledge in key areas of the PPGIS research agenda, as outlined in 
Chapter 2. For example, this work has furthered research into methods of communicating GI 
to the lay public in participatory planning scenarios; furthered research on public approaches 
to decision-making when there is a strong spatial component and advanced knowledge of how 
participatory GIS approaches may augment traditional means of information dissemination 
and participation (see Carver, 2001). However, there are still many unanswered questions and 
ideas for further research and development in these areas are discussed in subsequent sections 
of this chapter. The following section considers the wider implications of the findings of this 
research in the context of LVIA and public participation in onshore wind farm planning in the 
UK.
10.3 Implications for Planning
The visualisation tool evaluation study in this research showed that photomontages were 
perceived to be the most effective tools for assessing the potential visual impacts of wind 
farms by 'landscape experts' and the general public alike. The LV-based tools were generally 
ranked below photomontages by the survey respondents, due mainly to the lower levels of 
realism in the images. However, it is apparent that LV-based tools can help to compensate for 
some of the limitations of photomontages, particularly by modelling movement (of the 
observer position, landscape and turbines) in the scene to be modelled and allowing a 
proposal to be quickly viewed from any location within a study area. These and other 
examples of advantages and disadvantages noted between the visualisation tools such as 
differences in realism and usability led survey respondents to suggest that a wide number of 
visualisation types are preferable in wind farm LVIA/public consultation exercises and the 
addition of LV-based tools in planning is useful and desirable. Recent research has shown that 
workshop-based LV has already been valuable for supporting collaborative decision making 
in the wind farm planning process (Lange and Hehl-Lange, 2005; Miller et al., 2008a & 
2008b).
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When one considers the rate at which advancements in computer graphics, GIS and LV 
software are moving, it is reasonable to propose that LV will play an increasingly important 
role in the impact assessment and consultation phases of the wind farm planning process. 
Ongoing development in these areas will inevitably result in ever-increasing levels of realism 
in LV-based landscape models. Coupled with improvements in the delivery and dissemination 
of dynamic LV formats through enhanced Web 2.0 interfaces, this is likely to continually 
increase the effectiveness of LV in such applications (see Orland et al., 2001). Also, current 
generations brought up using computers and computer games and those future generations 
that are likely to be more au fait with 3D visualisation technology ".. .will likely expect a 3D 
landscape visualisation front-end when envisioning the [landscape] future" (Pettit et al., 2005; 
p. 298). However, the findings of this thesis suggest that further research is needed to deliver 
improvements in LV techniques and to assess the usefulness and full value of such tools in 
public decision making scenarios. Orland et al., (2001 p. 148), commenting on the future of 
LV-based planning support systems for environmental decision-making, suggests that 
"...while they offer great opportunities much more effort must go into their development, 
testing and evaluation if they are to move into a central position in planning support." Some 
ideas for further research in this area are discussed in the following section.
There is clear evidence from this research to suggest that the use of Internet-based 
visualisations in participatory wind farm planning could be advantageous for improving 
information dissemination and better informing the public of the potential visual impacts of 
proposed wind farms. Feedback from the Web survey suggested that respondents from all 
groups, including LVIA experts and members of the public, were positive regarding the 
potential benefits of having easily-accessible and comprehendible visual information available 
for better-informing the public and enhancing the quality of decision-making. The use of such 
approaches should be considered and adopted by LPAs and developers where possible, 
particularly in light of international, European and local government policy directives 
requiring improvements in the accessibility of planning information and the potential of such 
approaches for increasing the efficiency of the planning system.
One of the most significant findings of this research in terms of their implications for the 
future of public participation in wind farm planning in the UK is that it demonstrated a clear 
willingness and enthusiasm amongst members of the public towards the prospect of 
participating in the planning process via Internet-based mechanisms. This finding should
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provide further motivation for pushing the development of such systems forward to move 
Internet-based participation beyond the informing stages of participation towards increased 
citizen empowerment and the upper rungs of Arnstein's (1969) ladder. Given the findings of 
previous research that has highlighted the potential of such approaches for alleviating 
problems with the current wind farm planning system in the UK and increasing the chances 
that an application will succeed, it would also appear to be of mutual interest to wind farm 
developers, LPAs and national government to collaborate in promoting the use and 
development of ICT-based participation during the early (EIA) stages of the planning process.
There is a real opportunity for all stakeholders involved in the decision-making process, not 
just the public, to benefit from the use of such innovative techniques, although it is also 
important to remain realistic about their limitations. The UK Central Government in 
conjunction with other agencies, such as BWEA, LI-IEMA, SNH and RTPI (Royal Town 
Planning Institute) for example, should take a lead role in communicating these potential 
benefits to developers and planners and in supporting further research in this area given the 
potentially significant role that such approaches might play in meeting their legally-binding 
renewable energy targets. Finally, although focussed on wind farm planning in this instance, 
the findings of this work are likely to be applicable to a wide range of other planning 
developments, both in urban and rural settings, which are perceived to have potentially 
negative visual impacts and for which effective public participation would enhance the 
decision-making process.
10.4 Limitations
This section briefly highlights some of the main technical and methodological limitations 
identified in this research.
10.4.1 State of Play Survey Report
In respect of recent evidence suggesting that the use of the Internet for disseminating visual 
information to the public as part of the wind farm planning process has increased since the
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survey was implemented in October 2005 (as exemplified by the Milton Keynes Wind Farm 
and Alaska Wind Farm public consultation websites - Section 9.2.2), it would appear that the 
'state of play' is already in need of reassessment. However, there is less evidence to suggest 
that any significant linkages between online GIS approaches and LV-based technology have 
been made in the interim, and it is likely that the findings of the survey more strongly reflect 
the current (September 2008) 'state of play' in this regard. A potential extension to the survey 
could involve an investigation of the barriers preventing the uptake of Internet-based 
dissemination approaches and/or the use of LV-based visualisations in the public consultation 
phases of the wind farm planning process. The response rate of this survey was good with 
64% of organisations involved in producing wind farm LVIA that were contacted responding 
to the survey, however there is room for improvement in this regard in future surveys. Also, 
the research could have been extended to include more in-depth case studies of respondents 
who had implemented LV in public participation scenarios.
10.4.2 Main Internet-based Survey Study
Visualisations
In order to produce the visualisations that were evaluated in this research a number of new 
techniques needed to be learnt in the areas of photomontage and image processing and 3D 
modelling and LV. The learning curve for some of these techniques was steep, particularly for 
example, photorealistic landscape modelling using VNS2 software. The time available to 
master certain techniques was restricted and there was limited opportunity for extended 
periods of training or creating 'trial' projects. As a result it is felt that the quality of 
visualisations presented in this project could be improved upon if further similar research of 
this type was conducted. For example, in the case of LV-based imagery, techniques used to 
create surface features such as buildings and vegetation in the landscape model could be 
streamlined for subsequent work based on knowledge gained during this research. This would 
almost certainly result in a greater level of detail being modelled for a study area of similar 
size. With that said, it is felt that the visualisations were of a sufficient quality to be 
representative of imagery that might be used in a typical wind farm LVIA/public consultation 
scenario. The size of the study area in this research may also be thought of as a limitation.
"7
Whereas a typical 'real-world' wind farm LVIA study area could be up to 2000km , the study
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area in this project was restricted to 24 km2 . The feasibility of modelling such a large area in a 
relatively high level of detail using photorealistic LV software needs to be investigated 
further, but it is speculated that the effectiveness of LV for showing landscape and visual 
impacts on this scale would be reduced due to financial and resource limitations. For example, 
for a typical study area to be modelled to the same level of detail as the LV shown in this 
research, additional personnel, software and data would be required which could be 
prohibitively expensive.
The omission of interactive panoramic techniques for delivering the visualisations due to time 
constraints is acknowledged to be a limitation of the Web survey study. Previous research has 
shown that such techniques are useful for helping to orient the observer and give them a sense 
of immersion within the landscape (Dykes, 2000). This technique could also be extremely 
useful for allowing experts and members of the public to assess the potential cumulative 
impacts of proposed and existing wind farm sites, hi this study for example, panoramic 
imagery (based on photomontages, wireframes or LV) with 360 degree coverage of a 
viewpoint would have allowed participants to evaluate the tools for assessing the potential 
cumulative visual impacts of both the proposed Fforch Nest and the existing Taff Ely wind 
farm sites. Similarly, the other visualisations could be extended in future work to allow users 
to evaluate the tools for assessing the potential cumulative landscape and visual impacts of 
wind farms.
Some of the survey respondents pointed out that the visualisations evaluated in the Web 
survey, particularly the more dynamic animated and real-time LV formats could have 
benefited from increased server support. While it might have been preferable to utilise 
streaming server technology to deliver higher quality animations without download delay, the 
expensive hardware needed for this was beyond the budget of the project. The lack of server 
support for the real-time 3D model meant that it had to be run locally as a standalone program 
on a respondent's PC which deterred many respondents from evaluating this format. There are 
valid arguments for and against using this approach in favour of using a Google Earth/NASA 
Worldwind type streaming-server approach for hosting real-time LV-based models on the 
Internet.
However, absolute control over the visualisations was felt to be important in this study and so 
the NatureView real-time approach was adopted. Also, those respondents who did not already
334
Chapter 10 - Conclusions
have Google Earth installed on their PC's would have been required to download the program 
in any case if it was to deliver the real-time model. One of the main limitations of the research 
related to the evaluation of the visualisations is that the study does not investigate the relative 
costs of resources necessary to produce the various tools presented in the survey. However as 
discussed in Chapter 9, it is not possible to meaningfully translate these costs into a real-world 
project and further work is required in this area.
Website Design
As with the production of the visualisations, it is thought that website design and 
programming are areas that could be improved upon in future research. Experience gained 
during the production of the Web survey in this project could be utilised to produce an 
interface with a more 'professional' appearance that would be easier to use and would have 
enhanced multi-browser capability. However, as this project was the work of one researcher it 
is perhaps unreasonable to expect that the highest levels of expertise could be reached in each 
of the disciplines that were required to produce the Web survey (for example GIS, image 
processing, photography, landscape visualisation, Web mapping, Web design and 
programming), given time restrictions of the project. One of the major limitations of the 
website design that was that the size of the interactive map window used in the survey was 
restricted due to OS copyright issues, although this might be less of a concern for a real-world 
project where different OS data licencing or base-map data would be in operation (although 
the licence for OS data might prove prohibitively expensive).
Survey Design and Validation
When reflecting on the main Internet-based survey conducted in this thesis, a number of 
limitations can be identified, related to the design and structure of the survey and the 
validation of the findings. In terms of collecting respondents' background information for 
example; it was felt that an opportunity was missed with regards to ascertaining the gender of 
the survey participants. This would have enabled the findings to be compared to previous 
PPGIS research that found a heavy bias of users in favour of males (Carver, et al., 2001a).
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This information should be collected in future PPGIS experiments. Another potentially useful 
piece of information that could have been gathered would have been to establish the 
respondents' views/experiences of existing public participation exercises. Despite previous 
research suggesting that antipathy towards existing event-based participatory processes may 
have a significant negative effect on the uptake of ICT-based methods (Carver, 2001; 
Harrison and Haklay, 2002); there was surprisingly little participant feedback in this study to 
support such findings. Ideally, a question should have been included in the survey in order to 
elicit a clear response on this issue. It could be argued that those respondents who were 
interested enough to respond to this study might also be more likely to participate in planning 
via ICT-based methods and it is important to be mindful of this possible bias when 
interpreting these results. In addition, the research did not intentionally target groups that 
might be uninterested/unmotivated in participating in the planning process via traditional 
means. This would have been useful in order to gauge if ICT-based approaches might 
encourage them to participate in future.
When interpreting the findings of the survey, the inherent subjectivity of the questions and 
responses must be taken into account. For example respondents' views and ideas regarding 
the effectiveness of the visualisation tools for showing landscape and visual impacts are 
highly subjective and the results must be treated with a certain amount of caution in light of 
this. However, the large amount of qualitative responses that accompanied the closed-ended 
responses served to reaffirm the many of the significant trends that were identified in the 
quantitative analysis of the results. With more time, the research could have followed-up with 
in-depth personal interviews in order to further examine some of the trends identified.
Had time allowed, this research probably could have profited from further validation of the 
findings of the Web survey. A second Web survey based on a different study area (and 
including different respondents) would have helped to further support or question the validity 
of the findings of the research. The research may also have benefited from implementing the 
Internet-based survey within a supervised workshop-based setting in addition to the 'remote' 
unsupervised survey described in this thesis. The results of such an experiment may have 
further highlighted issues regarding the usability of Internet-based PPGIS, and would have 
provided an opportunity to obtain more detailed general feedback through conversations and 
structured interviews with the respondents. Also, it would be useful to compare the 
effectiveness of workshop-based immersive VR systems such as the VLT (Miller et al., 2008)
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with Web-based visualisations to assess the relative strengths and weaknesses of each 
approach.
An alternative approach to evaluating the visualisation tools may also have strengthened the 
validity of the survey findings. For example, the linear survey structure adopted in this study 
increased the chance that the respondents would complete the survey (Reips, 2002) but also 
meant that the respondents evaluated the tools in a pre-defmed order. If a more flexible 
approach were adopted whereby respondents are able to use and evaluate (and re-use and re- 
evaluate) the tools in any order this would provide an interesting comparison with the linear 
survey approach and help to validate the findings of the survey. However this approach would 
probably be more successful when implemented as part of a workshop-based rather than a 
Web-based experiment given the negative affect this may have on completion rates for a 
'remote' survey study.
In the following section, some of the research achievements, as well as these limitations are 
discussed to provide practical and theoretical recommendations for the future implementation 
of 'real-world' visualisation-based participatory planning support websites and academic 
research in this area.
10. 5 Recommendations
This section is divided into two main sub sections. Section 10.5.1 offers recommendations for 
further research, while Section 10.5.2 presents some practical recommendations for producing 
online visualisation-based participatory websites.
10.5.1 Recommendations for Further Research
'State of Play' Survey
As discussed previously, given the rapid advancements in LV and Internet-based technology 
there is an ongoing need to monitor the use of innovative ICT-based approaches for
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enhancing LVIA information dissemination and increasing and improving public participation 
in wind farm planning. The 'state of play' survey conducted in this thesis could be updated in 
the near future and also expanded to investigate the barriers preventing the uptake of 
LV/Internet-based methods for visual information dissemination and public participation in 
the planning process. This aspect of the study could be based on the earlier work of Paar 
(2005) who investigated similar issues in the broader field of environmental planning in 
Germany.
In addition to observing the 'state of play' with regard to the usage of these technologies there 
is a concurrent need to assess the effectiveness of some of the new visualisation-based 
(photomontages and wireframe diagrams) 'public consultation' websites that have come on 
stream since the survey was conducted. There is no published research yet available that has 
evaluated the effectiveness of websites such as those created for the Maerdy, Milton Keynes 
and Alaska Wind Farm proposals (Section 9.2.2) for increasing and/or improving public 
participation in the planning process. Collaboration with a willing LPA and developer on one 
or more of these kinds of projects could yield some valuable findings regarding the 
effectiveness of such approaches for enhancing information dissemination and participation. 
Such research could draw on earlier work to provide a framework for judging the success of 
such approaches (for example Rowe and Frewer, 2000).
Visualisation and Visualisation Tool Evaluation
In conducting this research a number of areas of further work were identified with respect to 
the evaluation of visualisations for use in the assessment of proposed wind farms. Perhaps the 
most obvious way in which this research can be taken forward is by including additional 
visualisation formats which were not evaluated in this study due to time/resource constraints. 
As discussed previously, there is scope for evaluating the use of interactive panoramas for 
displaying the types of non-dynamic images that were evaluated in this study 
(photomontages, wireframe diagrams and 3D stills), particularly their effectiveness for 
assessing the potential cumulative visual impacts of proposed wind farms. The development 
of hybrid visualisations, such as those discussed by Nakamae et al. (2001), also show promise 
for enhancing impact assessment and public consultation in landscape planning.
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This format comprises a composite animation created by merging together video sequences of 
a potential site, shot with a standard video camera, with computer generated images of a 
proposed development. This has the potential to offer the levels of realism seen in 
photomontages coupled with the advantages of observer and turbine movement. Such 
Augmented Reality (AR) approaches to landscape visualisation are still in development. 
Recent research by Ghadirian and Bishop (2008 p. 231) for example, has shown that the 
integration of panoramic video sequences and GIS has real potential for delivering 
"...effective public communication and better understanding of processes of landscape 
change", although such systems do not deliver real-time landscape visualisation. However, 
Hanzl (2007) discusses recent research into the use of AR systems that are able to generate a 
composite virtual/real scene in real-time using sophisticated wireless glasses linked to 
powerful CAD systems.
Other innovative visualisation technology that could be evaluated in future research includes 
tangible devices whereby virtual objects are connected with real objects (for example Seichter 
and Kvan, 2004). In terms of wind farm planning, such technology has an obvious potential in 
event-based participatory scenarios for mitigating impacts whereby turbines could be moved 
around a real landscape model and the development re-assessed from an infinite number of 
viewpoints in real-time via a portable VR display system. Although it would not be possible 
to interact with, and therefore evaluate current tangible and AR systems via the Internet, there 
will be a requirement in the near future to evaluate such approaches alongside 'traditional' 
VR systems as the technology filters down from research into more mainstream usage.
The emergence of Web-enabled mobile computing devices with integrated GPS technology, 
however, may have the potential to deliver AR 'out in the field' in future. Current research 
that is investigating the linkages between location-based technology and digital mapping/LV 
techniques is still in its early stages, but this is an area which holds great promise for the 
future (for example, Ordnance Survey, 2008h). In light of the findings of this research, it is 
not unreasonable to speculate that a future evaluation incorporating highly sophisticated and 
realistic AR-type visualisations would draw a similar conclusion to the research conducted in 
this thesis: i.e. that each visualisation type has its own strengths and weaknesses and the real 
advantage for impact assessment/information dissemination/public participation lies in having 
numerous different visualisation formats available.
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Re-focussing on how the research conducted in this thesis can be taken forward in the 
immediate future, one of the issues that was highlighted in the previous discussion on the 
limitations of this research is the need to further validate the findings of the survey. 
Additional future studies, both Web-based and workshop-based (and conducted in different 
study areas) would help assess the validity of this work and could adopt a test-retest 
methodology such as that adopted by Roth (2005) to further assess the legitimacy of using 
Internet-based visualisations for visual landscape assessment. Such studies could use different 
and more quantitative approaches to image evaluation, particularly for different still image 
formats produced for the same viewpoints, such as the Pairwise comparison method adopted 
by Appleton and Lovett (2005) for example. This research could also be boosted by 
conducting in-depth interviews with participants, planners and developers.
As for the visualisations themselves, as discussed previously, it is felt that the techniques that 
were learned during the course of this research could be applied more effectively in a future 
study to produce higher quality output. In the case of LV-based visualisations, this could be 
aided by (urgently needed) advancements in the field of automated surface feature extraction 
and generation from remotely-sensed data. Given the limitations of current manual and semi­ 
automatic approaches to 3D modelling, further development in this area would seem vital for 
the future success of LV (by increasing foreground detail particularly) in impact assessment 
and public participation planning scenarios. There is also a pressing need to update the 
findings of previous research (for example Appleton, 2003; Schroth and Wissen, 2003) by 
evaluating the latest generation LV software packages for creating landscape visualisations. 
Planners, developers and academics that are involved in the production of LV imagery for 
impact assessment and public consultation in environmental planning/research projects would 
also benefit from a comprehensive evaluation of commonly available digital spatial data 
(vector and raster mapping, DEMs, remotely sensed imagery etc.) used in the production of 
such visualisations.
In addition to improving the quality of the visualisations themselves, future work should also 
concentrate on enhancing the delivery of the various visualisation tools via the Internet in 
order to address some of the problems that were experienced by respondents in this study. For 
example, increased server support for animated visualisations and real-time 3D models are 
crucial for improving the usability of future Internet-based surveys and prospective 'real- 
world' visualisation-based participatory websites. The effective delivery of detailed real-time
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models is a particularly challenging area. While level of detail in the landscape and 
download/processing considerations will always be a trade off, more satisfactory methods of 
disseminating real-time models need to be developed. While Google Earth and other similar 
'virtual globe' technology will probably be used widely for disseminating real-time models 
they do have their disadvantages, such as low DEM resolution, and little or no 3D surface 
features for most areas other than major cities. Another drawback is a loss of control over the 
elements in the scene. Further research into the HCI and usability aspects of real-time models 
is also necessary in order that the potential of this format can be more fully realised.
Although previous research has concluded that the use of the Internet for evaluating landscape 
images and landscape perception is valid (for example Roth, 2005; Wherrett, 2000), more 
work needs to be done to understand how image/screen sizes and viewing distances affect 
visual perception, particularly in impact assessment where accuracy is important (Laing et al., 
2005). While some of LVIA respondents in the survey suggested that the limited size of the 
average computer monitor screen is inadequate for showing landscape images, there appear to 
be few studies in the research literature to support this assertion. More work focussed on the 
differences in perception between larger paper-based visualisation formats and screen-based 
image formats is required, specifically for the visual assessment of proposed wind farms. 
Another interesting avenue for perceptual research is to examine the extent to which a 
person's familiarity with a landscape affects their perception of LV-based landscape imagery. 
The findings of this and previous research (Lange, 2001) has suggested that there may be a 
possible link resulting in 'locals' rating abstracted landscape images higher than those less 
familiar with the real landscape for a given study area.
It would appear that further perception research is also required to move closer to achieving 
the difficult goal of defining a sufficient level of realism for LV-based visualisations used in 
landscape assessment scenarios. However, given that previous research has been unable to 
define a sufficient level of realism (Appleton and Lovett, 2003) it maybe more worthwhile to 
direct future efforts at establishing a comprehensive set of good practice guidelines for the 
production of LV-based visualisations used in environmental decision-making situations (see 
Appleton, 2003). This would be useful for generating awareness, amongst 'landscape 
modellers', of the main issues involved in creating audience-oriented material using LV 
software, such as levels of realism, accuracy and the representation of uncertainty. The 
representation of uncertainty in LV-based visualisations is another important area for future
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work which has been noted in previous research. Appleton (2004) for example, offers some 
ideas for taking the research in this area forward.
While some of the suggestions for further research made here have been alluded to in 
previous studies, there are others that follow on specifically from the findings of the work 
conducted in this thesis, some of which also help to support the conclusions of previous 
research in this area. This discussion of avenues for future research has concentrated largely 
on the future of LV-related research, but there is undoubtedly scope for further work in areas 
of visibility mapping and photomontage perception/production. While it has not been possible 
to cover every avenue of future research in this respect, the discussion has reflected the 
potential importance of LV as a key tool in the future of landscape planning and has reflected 
the considerable amount of research still required in this area. In the following section, 
recommendations for further research in the area of evaluating Internet-based approaches for 
enhancing public participation in wind farm/landscape planning are discussed.
Evaluating Web-based L VIA and PPGIS Approaches for Increasing and Enhancing Public 
Participation
As with the evaluation of visualisations, more (supervised work-shop based and unsupervised 
'remote' Internet-based) studies are required in order to further examine the validity of the 
findings in this research with regard to evaluating the potential of online LVIA approaches for 
increasing and enhancing participation. The results of further experiments conducted in 
different study areas with increased numbers of respondents would help to support or question 
the findings of this research. There is a need to involve greater numbers of public participants 
in such studies, not only to examine the potential of Internet-based participation for 
empowering them in the planning process, but to spread awareness of the technology amongst 
communities where such approaches might play an important role in the future.
Although the background information submitted by respondents in this study suggested there 
was a diversity of public respondents, future projects should intentionally seek to recruit 
public participants from specific socio-economic/geographic groups in order to examine more 
closely how an individual's characteristics can affect their view on Internet-based 
participation. For example, more work needs to be conducted to gauge the extent to which
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Internet-based participation could empower those with limited mobility or other marginalised 
groups. Another important area for future research into Web-based participatory methods will 
be to determine how to effectively regulate users to avoid domination by highly vocal groups 
or individuals.
As highlighted previously, there is a need to examine the extent to which public antipathy 
resulting from negative experiences with traditional participatory processes will affect the 
levels of participation and effectiveness of any future Internet-based mechanisms. More 
generally, research into ways of improving existing methods of citizen participation to reduce 
such ill feeling amongst the public towards the planning system therefore seems imperative to 
increase the chances that innovative online PPGIS-based approaches will succeed. As 
Harrison and Haklay (2002 p. 861) commented:
"Current practices perpetuate secretive and 'closed' government and are regarded 
as unfair. Without changes and a greater commitment to participatory forms of 
democracy, GIS linked to a computerised planning system will be just another 
source of contested information."
In judging the effectiveness of online visualisation-based approaches in participatory wind 
farm planning, as discussed previously, there is a need to monitor the levels of success of 
current commercial 'public consultation' websites in addition to developing further academic 
research projects in this area. Perhaps the most significant way in which the evaluation of 
visualisation-based participatory planning support websites can move forward is by 
developing systems that go beyond mere information dissemination interfaces to allow a two- 
way flow of information and even citizen empowerment through Web-based decision-making 
mechanisms. Some of the ways in which this might be achieved by the use of visualisation- 
based websites in the wind farm planning process were discussed in Chapter 9. These 
included the possible use of interactive map interfaces to capture (georeferenced) local 
knowledge and opinion and the use of scenario-choice, multicriteria and choice-experiment 
techniques to empower citizens and help mitigate the potential visual intrusion of proposed 
wind turbines. As discussed in Chapter 9, there is a pressing need to evaluate such systems as 
part of a real planning application but further work is required to develop a framework for 
taking this forward.
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A key area for future research into the use of Internet-based public participation systems, 
regardless of application area, is interface usability and user-centric design. The importance of 
user-friendly design (of both visualisation/mapping tools and more general website 
functions/structure) has been highlighted by this research and a number of previous studies 
into the use of PPGISs (Haklay, 2003) and more work is needed to understand how the 
usability of such systems can be improved to widen their accessibility and increase their 
effectiveness. More work is needed to assess the potential advantages and disadvantages of 
using Adaptive User-Interfaces (AUI) for enhancing the usability of PPGISs by tailoring 
interfaces to suit a user's level of IT experience or other characteristics. An interesting avenue 
for research would be to investigate the potential of innovative natural input screen devices, 
which are poised to make an entrance into the mass-market place in the near future, for 
enhancing the usability of publicly-accessible online planning support systems. Video 
demonstrations of these kinds of devices, such as Microsoft's Surface platform (Microsoft, 
2008e), have shown that they may have real potential for increasing the user-friendliness of 
interactive maps and virtual real-time environments.
Finally, future research directed at the evaluation of Internet-based systems for enhancing 
public participation in wind farm planning should attempt to experiment with the use of such 
systems for allowing the public to assess other potential impacts in addition to visual impacts. 
Interactive map interfaces used to access visualisations, as demonstrated in this study, could 
easily be adapted to show other useful spatial information derived from an EIA such as noise 
maps and the locations of sensitive sites and special landscape designations. With regard to 
visual impacts, although not modelled in this research, the use of mapping and LV-based 
visualisations to model the phenomenon of shadow flicker could also be investigated.
10.5.2 Practical Recommendations and Considerations
Based on the research conducted in this thesis, this section provides some brief 
recommendations and considerations that may be of use to those developing visualisation- 
based participatory websites for use as research prototypes or real-world projects in the area 
of wind farm/landscape planning.
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The development of such a site would probably require the input of a number of experts in 
order to maximise its appearance, usability and effectiveness. Ideally, specialists in Web 
design and HCI, GIS and Web-mapping, LVIA, LV and 3D modelling and planning should 
be involved in its conception and production. When producing LVIA material, good practice 
guidelines should be consulted. In the absence of good practice guidelines for the production 
of LV-based visualisations, it is recommended that previous research which provides ethical 
and practical advice in this area is consulted (Appleton, 2003; Hill and Linder, 2005; 
Sheppard, 2001; Williams et al., 2007). General recommendations for producing LV, 
including advice on data, resource and visualisation production and presentation 
considerations, offered by Appleton (2003 pp. 136-138) in the conclusions of her research, are 
a particularly useful starting point. Practitioners should keep in mind the concerns raised in 
previous research regarding the potential pitfalls of implementing LV in participatory 
planning scenarios (for example MacFarlane et al., 2005).
Multi-browser compatibility is important to ensure the potential user base is maximised. This 
survey study used a simple 'one size fits all' approach to web design, but the use of AUIs 
should be considered or evaluated for future websites. Increased server support for presenting 
visualisations, particularly large high-resolution animations, is encouraged, and users should 
ideally be given the option of viewing various media at a range of resolutions/sizes to suit 
different computer specifications and Internet connections. This also applies to stand-alone 
real-time models such as the NatureView model evaluated in this research. For real-world 
projects, it may also be useful to make larger format still image visualisations available as 
printer ready A4 and A3 documents such as they would appear in an ES. This would allow 
people to explore the study area for themselves using hard-copy LVIA material.
The supplementary information accompanying visualisations must be considered carefully. 
The findings of this research suggested that too much technical detail might be off-putting to 
members of the public. In extending the collaborative ideals of participatory research it might 
prove worthwhile to directly involve members of the local community in the design of the site 
to tackle such issues. This may also improve the transparency and legitimacy of the project. 
For landscape images, the inclusion of observer height and direction, and distance to the 
nearest wind turbine are a recommended minimum in terms of supplementary information. 
For real planning projects, an open-choice rather than linear approach to presenting 
visualisations via a website would be preferable. Rather than be forced to view each type of
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visualisation in turn, as was necessary in the Web survey, a user should be able to view the 
tool of their choosing from a central menu page.
In this research, interactive Web mapping interfaces were found to be a highly effective way 
of presenting still and animated landscape visualisations, although provision should be made 
for accessing them via alternative means should a user encounter technical or usability 
problems with maps. Although the lack of an aerial photography layer in the maps in this 
research was not commented upon as a deficiency by any of the survey respondents, it is 
recommended that a photo overlay should be included in future projects. A combination of 
base-mapping and photo layers would probably be more useful for helping users identify the 
location of viewpoints within the study area (Haklay, 2003). Due to OS data licencing, the 
maximum size of a map window displaying OS data on the Internet is restricted (see Section 
4.2.4.1) for academic projects and for commercial projects the licencing costs could prove 
prohibitive. Carver et al. (2001 p.917) noted that "...the [OS] copyright issue is probably the 
single most important factor that will, under present conditions of information copyright laws, 
prevent publicly funded organisations and projects in the United Kingdom from developing 
Web-based GIS."
However, since their research was conducted a number of commercial online mapping 
products have emerged (for example Google Maps) that allow their mapping to be freely 
manipulated and embedded into any Web page. Such products could prove to be viable 
alternative options for delivering low-cost interactive mapping for online participatory 
planning projects. Project designers should also consider open-source Web mapping software 
as an alternative to commercial products such as ESRI's ArcIMS. A recent review of open 
source mapping APIs by Chow (2008) provides some useful recommendations and 
considerations in this regard. Finally, as a general word of caution, care needs to be taken to 
maintain the legitimacy and transparency of online participatory planning approaches, 
particularly in the highly contentious area of wind farm planning. Indications of strong bias 
towards a particular stakeholder group or agenda in any aspect of a participatory planning 
support system (particularly visualisations) should be avoided in order to increase the chances 
that such approaches will succeed and to prevent their credibility from being damaged.
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10.6 Concluding Remarks
The research presented in this thesis has trodden a line between, and contributed knowledge 
to, wind farm and landscape planning, public participation, PPGIS and GIS, and landscape 
visualisation. The research has supported the findings of many previous studies in these 
fields, and has identified the most pressing areas where yet more knowledge is required. 
Using as a case study a specific wind farm development in South Wales, this original work 
has demonstrated that there is real potential (and importantly enthusiasm amongst 'experts' 
and members of the public) for using innovative digital visualisation and communication 
techniques to enhance, but not replace, current methods of visual information dissemination 
and public participation in the wind farm planning process in the UK.
Whether the planning system seizes the opportunity to contribute to the development of such 
approaches by helping researchers move prototype projects into the real world remains to be 
seen, but it is hoped that this work has provided extra motivation for doing so. Technology is 
poised to play a significant part in the future of wind farm/landscape planning but further 
technical and theoretical challenges need to be overcome before its central role in the 
planning system is realised. It is hoped that the research conducted in this thesis has 
contributed to the literature in this regard and provided some useful recommendations for 
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Appendix A- 'State of Play' Survey Questionnaire
388
Appendix
RESEARCH QUESTIONNAIRE - A SURVEY OF THE USE OF 










i. If you feel a colleague would have a fuller understanding of the issues, please 
forward the questionnaire on to them. Alternatively, if you have overlapping 
responsibilities in respect of the questions asked, please complete in 
collaboration with a colleague.
ii. Please answer the questions as fully as possible and tick appropriate boxes as
instructed, 
iii. Please return the questionnaire by Monday 3rd October 2005 using the pre-paid
envelope supplied, 
iv. If you have any queries please don't hesitate to contact Robert Berry
(raberry@glam.ac.uk)
Data Protection
All of the information you submit in this questionnaire will be handled in full compliance 
with the Data Protection Act and University of Glamorgan Data Protection Regulations as 
applied to research. We will ensure that all stored questionnaires are anonymous and no 
personal-level data will be held or passed on to any other organisations or individuals
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Please enter your email 
address*
: Note: optional - we -will ensure that the email address is not linked to any questionnaire responses
1. Has your organisation been involved in producing material for use in Environmental 
Impact Assessments (EIA), Strategic Environmental Assessments (SEA) or visual 
impact studies?
Yes D No D
If YES, please proceed to Question 2
If NO — Thanks for your time, please answer Question 7 and return the questionnaire in 
the pre-paid envelope provided
2. Has your organisation been involved in producing Visual Impact Assessment (VIA) 
material for wind farm proposals?
Yes D No D
If YES, please proceed to Question 3
If NO - Has your organisation been involved in producing VIA for other development 
proposals?
Yes D No D 
If YES, what types of proposals?
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Please proceed to Question 7
3. How many wind farm VIAs has your organisation been involved in producing?
4. Please could you tell us which particular projects you have been involved in?
5. When was the most recent VIA material produced by your organisation?
n <2ooo a 2000 a 2001 
a 2002 a 2003 a 2004 02005
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6. Are you aware of the following best practice guidelines for wind farm EIA and VIA?
British Wind Energy Association













Other(s) - Please specify:
Part 2 - Technical
7. Has you organisation used GIS for selecting suitable sites for new developments?
Yes D No D
If YES, which techniques have been adopted?
D Sieve mapping (overlay of constraining GIS layers)
D Multi-Criteria Decision Analysis
D Other(s) - Please specify:
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8. Does your organisation use GIS to perform analysis for VIA?
Yes D No D
If YES - proceed to Question 9
If NO-why not?
Tick all that apply
D No demand for GIS
D Cost of spatial data is prohibitive
D Cost of software is prohibitive
D Hardware does not meet GIS requirements
D Lack of GIS skills within the organisation
D Lack of GIS awareness
D There is no external guidance / advice provided
D Other(s) - Please specify:
Please proceed to Question 13
9. What GIS software package(s) does your organisation use?
D ArcGIS Desktop 8/9 O ArcView 3x
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D Maplnfo D Idrisi 32
D Idrisi Kilimanjaro D World Construction set
D Visual Nature Studio D GRASS
D Genesis Q Own software
Other(s) - Please specify
10. In your view, what are the main benefits of using GIS software to perform visual 
impact analysis?
11. In your view, what are the main drawbacks/limitations of using GIS software to 
perform visual impact analysis?
12. What is the existing level of expertise in GIS in your organisation?
D GIS manager with dedicated GIS team
D Number of individuals with GIS expertise but no dedicated GIS team
D Number of individuals with GIS knowledge but no dedicated GIS team
D Individual with GIS expertise
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D Individual with some GIS knowledge
d GIS work is sub-contracted
D Other(s) - Please specify:
13. Has your organisation used any of the following computer-based techniques 
to 
produce material for VIAs?





GIS - 3D still images
GIS - 3D animations/fly-throughs
GIS +CAD - 3D still images
GIS +CAD - 3D animations/fly- 
throughs
CAD - 3D still images
CAD - 3D animations
Virtual Reality - 3D still images





























Online Interactive 3D (e g- VRML) D D
Other(s) - Please specify:
14. Has your organisation used any other more advanced computer-based techniques to 
assess visual impact?
Yes D No D
If YES - Please specify:
D Viewshed analysis using points in building, road, footpath data etc, as
viewpoints/receptors
D Quantitative assessments of visual exposure (e.g. percentage view change detection)
D Landscape sensitivity analysis
D Landscape character assessment
D Topographic visual exposure index (terrain "openness")
Other(s) - Please specify:
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15. Does your organisation use any wind farm-specific software
YesD No D




D Other(s) - Please specify:
16. Has you organisation developed or commissioned bespoke visual impact software?
YesD No D
If YES - is this software available to purchase?
YesD No HI
17. Does your organisation use any non-GIS 3D modelling software (e.g. CAD/Virtual 
Reality) to produce 3D visualisations for visual impact analysis?
YesD No D











Other(s) - Please specify:
D AutoCAD





18. Which of the following digital elevation data types does your organisation use for 
visual impact analysis?
Tick all that apply
D Ordnance Survey Landform Panorama (50m) 
Profile (10m)
D NextMap Britain Bare-Earth Radar (5m) 
Britain Surface Radar (5m)




D Ordnance Survey Landform Profile Plus (2m) D LiDAR Bare-Earth (1m)
HI LiDAR Surface Model (1m) D 
Other - Please specify:
19. In your view, what are the main drawbacks/limitations of using digital elevation 
data?
Tick all that apply
D High purchase cost
D Cost of datastorage
D Lengthy processing times
D Requires expensive hardware to process
D Other(s) - please specify:
20. Does your organisation use remotely-sensed digital imagery, such as aerial 
photographs and satellite imagery in visual impact analysis (e.g. as a base-layer for 
viewshed analysis or as drape surface when creating 3D landscape models)?
YesD No D 
If YES, please specify which type(s):
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21. In your view, what are the main drawbacks/limitations of using remotely sensed 
imagery?
D High purchase cost
D Cost of data storage
D Lengthy processing times
D Requires expensive hardware to process
D Insufficient resolution
D Other(s) - please specify:
22. Does your organisation use any land use data for visual impact analysis?
YesD No D
If YES, please specify which type(s):
D Land Cover Map 2000
D LANDMAP
D Other(s) - Please specify:
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Part 3 - Dissemination/Presentation of Information
23.1s your organisation involved in producing visual impact material for public 
viewing/consultation?
YesD No D
If NO - proceed to Question 27
24. Has your organisation used any of the following techniques to disseminate visual 
impact material to the public?
























25. How this information is usually disseminated to the public?
Flyers/brochures
D Local Newspapers
Public meetings/exhibitions - Paper based presentations 
Public meetings/exhibitions Computer based presentations
Via the Internet
D Other(s) - please specify:
26. Are you aware of the use Public Participation Geographical Information Systems 
(PPGIS) in the context public consultation for environmental planning?
YesD No D
If YES, does you organisation have plans to implement PPGIS in a planning context in 
future?
YesD No n
27. Would you be prepared to allow us access to/send us any Environmental Statements 




Thank you very much for your time and cooperation. Please return the questionnaire in the 
pre-paid envelope provided.
D Tick this box if our research is of interest to you, and you would like to be kept
informed of our progress. Please ensure enter your email address on Page 2 of this 
questionnaire.
If you have any queries regarding this questionnaire, or our future research, please do not 





Appendix B - Web Survey Questionnaire
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Appendix
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Welcome
Thankyou for visiting our webs ite. Please take a few moments to read about the background to 
our research project.
Background
In response to the UKgovernment's target of producing 10% of energy from renewabl»s? urces 
bytheyear 2010 there has recently been a large growth in the number of onshore wino ?j'ms 
built in the UK, with a further increase in the number of planning applications for new wind 
farms expected overthe nextfewyears. Although recent public attitude studies have shown 
strong support for wind farms there has also been some local opposition to individual planning 
applications. Previous research has shown that landscape and visual impacts are the effects 
generally of most concern to the public.
Landscape impacts refer to general change in the perception and character of the landscape 
whereas visual impacts are concerned with the potential visual impact from specific viewpoints, 
such as houses, parks, and roads for example. Although concerns over other potential impacts 
such as noise intru si on. ecological damage, electromagnetic interference and effects on house 
prices are regularly voiced, strong opposition to new projects is most often based on the 
perceived negative landscape and visual impacts.
Members of the public can assess the impacts of proposed wind farms by viewing specially 
prepared Landscape and Visual Impact Assessment lVIA}material presented at exhibitions and 
meetings organised by the developers and/or local authorities. Such meetings are usually run in 
a very limited number places at specific times, and this has been shown to restrict public access 
to planning information and discourage wider public participation in the planning process.This 
surveyis part of a University of Glamorgan research project that aims to evaluate Internet-based 
LVIA approaches for enhancing public participation in wind farm planning.
If you have been supplied with ausernameand pas sword, pi ease enter them in the boxes below 
to begin the survey. If you have not received a username and password and you wish to 
participate in the study please email visualimpactgolaftiac.uk
Tha umvf a currerrtr^ONLY COMPATIBLE WITH INTERNET EXPLORER WEB BROWSER ANDCOMPUTERS 
RUNNING WINDOWS OPERATING SOFTWARE - it ii net m (table for use with other web browsers te.g.





Appendix B2 - Log-in.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Yon have already started the survey - what do yon want to do?
I Continue where I left off | \ Restart the Survey |
? Urr.-ers-tv Df ClaTnorjK-. jll 'ifft-tS reserved
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Appendix B3 - Copyrightlnfo.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Copyright
All material featured on this site is subject to University of Glamorgan copyright 
protection unless 'Jtrfirwise stated. Copyright protected material cannot be 
reproduced/distributed in any format or media without requiring specific permission. 
Mapping data used in this project has been made available to the University of 
Glamorgan under academic licence with the kind permission of the Ordnance Survey. 
Maps and visualisations must not be reproduced/distributed in any format without 
requiring specific permission. Persons viewing this mapping should contact the 
Ordnance Survey (www.ordnancesurvey.co.uk) for advice where they wish to licence 
Ordnance Survey mapping for their own use.
01 have read and understood the above copyright notice
Continue »
8 2007 University of Glamorgan, all rights reserved.
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Appendix
Evaluating Interi«t~coi3 <c< iVmd Fa>— La:-dicape 3'-d '. isuai Impact Assessment
Research Survey - University cf Glamorgan
Study Area
> o-S't' te cv*'k«c fe paterta* sf irttr-ei-basea .a-eitape a-c > i_a <npact tooi» wt rave 
bases ft,' n^-ey of ft p-opoied ffo'ct- Sest 'Ai-e Cam -«' fey;ias» of C 'fact- Get*, Scsit* 
Aa*i <»ee TUP bciewi Ti-t p-opoits « -a fwn coTipr wj 13 w.-e ti.rb -es t totted D" Myydjd 
Pwiy-hebpj to i^-i -oft" w«: of C'f«'-CKw .E«i- parked ik.fb'-t i 135^, -net-ij. " ? t-. W it* 
» B»ee jp»^- sf Km »-s a 5e-e-»: -5 UPK r<- sf 3M'A >ncg*A>itt>i » o«-" '9 »pp. c«t >ti for 
ft w "a f»-n "»s etc- j*D->:te3 &,• •.'•i er-tcpe-. Spswe- Rt-ew»b'«, »-a 'tct-r-t'tY et'"g
CO-!«-*S &<• ft »*•' -5 »L!"3-:« !••«•« i j- ix Jti-gwr« f»fn .« o-pt-lt'D- totMM.t^
sf Z..IK* Ccc" T«ff Ev A ?•« t»--w but fo':»« PU-PBMI i^-^ ui.ev »•« j-e fockts.i-j or t"e 






a-s fe v »;« »f £va"»:»«"-. £' f» 
Taps »-s Wi.a »»tc-» we f»ve pr
x4 *cm ,- jireard ^c^t.3«i the propoied wind f^rm 
w a-a we'S-efs-ja- to t y e wt-f e*». A!t*Oiie" td« 
f:-- f s «,--.-e\ a-e -tst-ctK ic i»"t a-*a. yot do
"« -sea :s Se a -ts st-: sf :" i a-e» :B :a<e pa-t " i"e s»-\r. We at »'w <ee- fe- 
f*orn ro--r«^er:j. -eja^ e« of t^e^* fa*n a' rv A i- fe sti.a-. a*ea.
?-j-.t M awtre thai ;(• j j not an official planning nebiite fe'ffotc* Neit'A'-c fa'-n.Tt- 1 
ite ^« seei- produced fs- fe »oe pt-pste rf »:a:e-n.: -eie*-:*1 \Vea-e ws-t -q cstipweNi 
'raepei'tft'ty of fe wi-a fa"n ae>'e«pe-». ca-npa^g" j-ptpj a-a a-y efer s-sar sat*- 
co""e«ed w*t> t*« w-tf fa'm. *e are rot ii"k«s to iff 'A'eij" Ajwwbiy Csvtr-!n«ni a'fi we
••»>•« -01 bee' Tve^ee1 « any wo-k feiatifo to ^e TAN £ *a!**a( pwrg po:>cy *O' 
'c<-ewab« e«erey. T»e •nate-m we »ive p-ofluv« for tf'i tite i Rot <"tei-e«d te act «. e-
•ep'»te, •>• off«.ai Uresiape »•« Visual imeact Aiwifncxt of the Bfop«»e« w.fa farm. 
Vate--a •:•!.«« .f f.i **bite it-d-e -ot be ui« >i co»*Kt*i- w-t* tfe offcal plidomj 
cr«e«i (s- ft p-opssea Wort* N«t Wmu Fa'm.
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Appendix B5 - Userlnfo.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Participant Information
Before you take the survey we would like to rtas. ureyou that all of the data you submit is 
anonymous and will be handled in full compliance with the Data Protection Act and University of 
Glamorgan Data Protection Regulations. Data will not be released to third parties.
1. What is your age group?
2. What is your occupation type?
3. How would you rate your experience of using 
computers and the Internet?
(l-Novice - 5-Xdvanced Uiert
4. How familar are you with the landscape in this 
study area?
(1- Unfamiliar - S- Very Familiar)
5. Do you live in the study area?
6. If you live in this area, how long have you been 
a resident?
(To the nearest year)
7. Have you previously attended a public planning 
meeting for a wind farm proposal?
8. What is your general view on the development 









t 2007 UrrvenityofClimo'gi''. •" "pHi res*rv«S
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Appendix B6 - Survey Intro.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Survey Structure
During this survey, vou will have the opportunity to use and evaluate 6 different tool
s to help 





4. 3D Still Images
5. 3D Animations
6. Interactive 3D Model
IMPORTANT - You do not have to complete the survey in one go! If the survey is unf
inished and 
you haven't got time to complete it, simply close it and you will be directed back 
to the page 
where you left off the next time you log in.
There is no time restriction for completing the survey although if there is along p
eriod of 
mattvity your session will time-out and you will have to log in again.
On average respondents take approx. 25 minutes to complete the rest of the survey
.






Appendix B7 - ZTVMap.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey University of Glamorgan
1. ZTV Maps
A Zones of Theoretical Visibility (ZTV) map is a map showing locatioi v from where a feature in the 
landscape is visible or not visible. For wind farm assessment wher^ rt >re. are a number of features 
(turbines), a coloured ZTV 'layer' can be laid over a map of the area to snow the number of turbines 
that are theoretically visible from any location
How to Use
On the following page there is an interactive ZTV Map of the s tudy area based on the Fforch Nest 
Wind Farm.
When the map s tans, it shows a map with the coloured ZTV 'layer's witched on The ZTV layer can be 
s witched off should you want a more clear vie w of the underlying map.
Zoom in on the map to show the locations) in which you are intere s ted in more de tail.
If at any time you require further help with the map, there is a Map Help link that will open an 
Adobe PDF document showing further ins tructions on using the map controls.
Try and use the map to assess how the wind farm might offect the general character of landscape, 
and also how it might impact on different locations in the area. When you have finished using the map 
click the link to move on to the ZTV Map evaluation page.
Click on 'Continue'below to start using the map.
The map may take a few seconds to load. Thanks for your patience)
Continue »
y of Glamorgan, «" ri$kts reserved
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Appendix
Zoom In Zoom Out
o
Pan Full Extent
' r*r a J TeWr ' ~ Tfctf^ 1 "'. "*t, ;»'"f*u'( . *;V' • . -~&ij--•-• • * ••--
N
A
&> 0 ZTV Layer (On /Off)
Wind Turbine
No. of Turbines Visible






Once you have finished using the map, click the Continue button below to move on to the 
evaluation page.
Continue »
Back to ZTV Map Intro
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Appendix
Evaluating InternecTools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
ZTV Map Evaluation Questions
Please inswertheZTV map evaluation questions below.The comment boxes are optional, but 
we encourage you to use them as we are interested in getting as muchfeedbackfromyouas 
possible. When you have finished, click on the Sufcn/f'bunon at the bottom of the page. If you 
wish to go back to the ZTV Map it anytime click on the 'Back toZTVMap Tool Page'\\nY at tht 
bottom of the page and your responses will be saved.
la. How clearly did you understand/interpret the ZTV Map?
Ib. Please add any comments in support of your answer 
(optional)
2a. How effectively do you think the ZTV Map shows how the 
wind farm might affect the general character ofthe landscape 
in the area?
2b- Please add any comments in support of your answer 
(optional)
3a. How effectively do you think the ZTV Map shows the 
potential visual impact ofthewindfarmfrom different places 
in the area?
3b, Please add any comments in support of your answer 
(optional)
4a, How accurately do you thinkthe ZTV map shows the 
potential landscape and visual impacts of the wind farm?
| rtosf Clmos«~
4bu Please add any comments in support of your answer 
(optional)
it TO JTV Map Tool Page
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Appendix BIO - Wireframe.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessmen
t
Research Survey- University of Glamorgan
2. Wireframe Diagrams
Wireframes (or wirelines) are computer-generate 1 perspective drawings which show no 
landscape detail or texture other than lines depicting the underlying terrain. Simple b
ut 
accurately proportioned wind turbine drawings are the only added detail. The wirefram
e 
diagrams are produced to simulate a viewing height of 2m above ground level. For consistenc
y, 
the orientation of the turbines for all visualisations in this project have been set to reflect a 
prevailing south-westerly wind.
How to Use
You can view the wireframe diagrams on the following page in 2 ways:
1. Use the interactive map and click on the icons to open a wireframe view towards the w
ind 
farm from that location. When you have a viewed a wireframe diagram, click 'RETURN TO 
MAP' to 
close the page and navigate back to the map page.
Or
2. If you are having problems with the map, or would prefer not to use it, use the drop-do
wn list 
below the map to choose a diagram based on a description of the location. When you h
ave a 
viewed a wireframe diagram, click 'RETURN TO MAP1 to close the page and navigate back
 to the 
map page.
Click on 'Continue'be\ow to start viewing the wireframe diagrams. 
The map may take a few seconds to load. Thanks for your patience!
Continue »
Back to ZTV Map Evaluation
• 2007 Urrv«rvty of GlamDrpar.all nphti reserved.
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Appendix
Zoom In Zoom Out Pan Full Extent N
A
Wind Turbine
Q Wireframe view (click icon)
Note: On some slower 
Internet connections 
the map may be slow to 
draw. Try clicking on 
the 'Full Extent 
button or refreshing 
the page if the map 
fails to draw at all.
Map Help
Select one or more wireframe views using the map or text list 
below. Click on 'Cont/nue'be\ow when you wish to move on.
| Show Wireframe View |
Continue »
Back to Wireframe Intro
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Appendix
Show wind turbines RETURN TO MAP Show existing view
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Appendix B13 - WireframeEval.aspx
Appendix
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Wireframe Diagram Evaluation Questions
Please answerthe wireframe evaluation questions below. When you have finished, click on 
the "Submit" button at the bottom of the page If you wish to go back to the wireframe map at any 
time click on the 'Back to Wireframe Tool Pig*'\\nk at the bottom of the page and your responses 
will be saved.
la. How clearly did you understand/Interpret the wireframe 
diagrams7 mate dune-
3 -wry MBT I
Ib, Please add any comments in support of your answer 
(optional)
2a. How effectively do you think the wireframe diagrams show 
how the wind farm might affect the general character of the 
landscape in the area?
2b. Please add any comments in supportof youranswer 
(optional)
Ba. How effectively doyou think the wireframe diagrams show 
the potential visual impact of the wind farm from different 
places in the area?
l-v«rr .nifcctit* 1 niinjii • • [••inlii Tlln i t
3b. Please add any comments in supportof youranswer 
(optional)
4a- How accurately doyou think the wireframe diagrams show 
the potential landscape and visual impacts of the wind farm?
4b. Please add any comments in support of youranswer 
(optional)
Sac* TO WiraTrama Tool P 
• tw II b* n-v
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Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
3. Photomontac.es .<
Photomontages are produced by taking a photograph towards the proposed wind farm and then 
superimposing accurately scaled images of the planned wind turbines onto the photograph 
using computer software. The photomontages are produced to simulate a viewing height of 2m 
above ground level.
How to Use
In the same way as you viewed the wireframe diagrams, the photomontages can be viewed on 
the following page in 2 ways:
1. Use the interactive map 
Or
2. Use the drop-down list below the map
Click on "Cont/nue'be\ow to start viewing the photomontages.
The map may take a few seconds to load.Thanks for your patience!
Continue »
Backio Wireframe Evaluation
£ 2007 University of Cliniorgan, ill rights reserved
418
Appendix B15 - Photomap.aspx
Appendix





Note: On some 
slower Internet 
connections the 
map may be slow to 
draw. Try clicking 
on the 'Full Extent' 
button or refreshing 
the page if the map 
fails to draw at all.
Map Help
Select one or more photomontage views using the map or text 
list below. Click on 'Cont/nue'below when you wish to move on.
I Choose Viewpoint-__________________________1^6 | Show Photomontage View |
Continue »
Back to Photomontage Intro
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Appendix B16 - PhotoImagePage.aspx
Appendix
Show wind turbines RETURN TO MAP Show existing view
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Photomontage Evaluation Questions
Please answerthe photomontage evaluation questions below. When you have finished, click on 
the 5ttfrm/r'button at the bottom of the page. If you wish to go backtothe photomontage map 
at anytime click on the 'Back to Photomontage Tool Pige'\\nY at the bottom of the pape snd 
your responses will be saved.
la. How clearly did you understand/interpreting [nuitciia 
photomontages?
5 • V*TT •*•? to ttadftrrtu
Ib, Please add any comments in support of your answer 
(optional)
2a. How effectively doyou think the photomontages show how ,
the wind farm might affect the general character of the 
landscape in the area?
l-virr •)l ffl=L>t -1 °- '"-jiii---fif -"—— **-i ijlnilfi— '[/* '-^irllhila-nl
2b. Please add any comments in support of youranswer 
(optional)
3a, Hon1 effectively do you think the photomontages showtne 
potential visual impact of the wind farm from different places 
in the area?
l"V*rr *n«ffi'Et»v» — daiinlgit •» dit-r tdi* »flh* t-iiiii.) irppsilfram d,ffir«r»lp!«i»i 
S >VMT«fliGbvB~a'¥B«a.c!it.r ,^IB sflhi ii»i,«.l itr-purt frs-m d>ffin ntp!»ci»
3b. Please add any comments in support of youranswer 
(optional)
4a. How accurately doyou think the photomontages show the | pnan cnaou- 
potential landscape and visual impacts of the wind farm?
iwarp ttBecbTBU.'r *lbi).|ta I lab* ai unrilv&fali mtthod afihvmfig'IbB jiepafita 
S vV«rr acEurKl* lr -I bi l^«« • >II3 fa* • r|l<*fa'» n'tlh»d 9r»h3o>na ihm M




Appendix B18 - ASDImage.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Projr,,,-.
4. 3D Computer Images
The following images were created using 3D computer software. Once a 3D landscape model 
has been made using this software a 'virtual' camera can be positioned anywhere within the 
model and images can be produced very quickly from many different locations. Therefore there 
are a large number of 3D images available to view. There is least one 3D View' available from 
each street in the study area. Viewing height above ground level is shown on each image.
How to Use
1. Use the interactive map 
Or
2. Use the drop-down list
Click on <Cont/nue'be\ow to start viewing the 3D images.
The map page may take a few seconds to load.Thanks for your patience!
Continue »
Back to Photomontage Evaluation
2C07 Unii,er3ity d Clif-C'rgsn.all rights reserved
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Q 3D Image view (click icon)
Note: On some 
slower Internet 
connections the 
map may be slow to 
draw. Try clicking 
on the 'Full Extent' 
button or refreshing 
the page if the map 
fails to draw at all.
Map Help
Select one or more photomontage views using the map or text 
list below. Click on 'Continue'be\ow when you wish to move on.
Choose viewpoint-. | Show 3D View
Continue »
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Appendix B20 - ASDimagePage.aspx
Appendix
View from track, Mynydd Maendy (2m)
Show turbines - Cloudy[| Show turbines - Clear || Show existing view | RETURN TO MAP
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Appendix B21 - A3DimageEval.aspx
Appendix
Evaluating InternetTools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
3D Computer Image Evaluation Questions
Please answer the 3D image evaluation questions below. When you have finished, click on 
the Si/Anw'f'button at the bottom of the page. If you wish to go backtothe 3D image map at 
anytime click on the 'Back to 3D Imtgt Tool Page'\\nV. at the bottom of the page and your 
responses will be saved.
la. How clearly did you understand/interpret the 3D images?
Ib. Please add any comments in support ofyour answer 
(optional)
2i. How effectively doyou think the 3D images show how the 
wind farm might affect the general character of the landscape 
in the area?
c- i«<* .'**»R-'«*4f'CAi4se«*i-duCB'>0A«M *s»fl fMti M^viXKit* A«at£it* 
: - •••vallrcvttv*
2b. Please add any comments in support of youranswer 
(optional)
3a. How effectively doyou think the 3D images show the 
potenti al vis ual i mpact of the wi n<J farm from different places 
in the area?
3b. Please add any comments in support of your answer 
(optional)
4a. How accurately doyou think the 3D images show the 
potential landscape and visual impacts ofthewindfarm?
4b. Please add any comments in support of your answer 
(optional)
Back TO 3D :ma-aa Tool Paga 
tacw^f•« A' M »*v»di
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Appendix B22 - Animation.aspx
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment
Research Survey - University of Glamorgan
5. 3D Animations
The same 3D lards ;ape model that was produced to create the 3D images was also usec1 to-; 
create 3D animation* of the proposed wind farm As with the 3D images, a camera can be placed, 
anywhere within the 3D model but with 3D animations the movement of the camera and/or wind 
turbines blades are also recorded. Viewing heights above ground level are shown for each 
camera position.
How to use
1. Use the interactive map. An animation will open and play in Windows Media Player (WMP) 
Once you have viewed the animation close WMP (click 'x' in the top right corner or 'File-Exit') to 
return to the map page.
Or
2. Use the drop-down list. An animation will open and play in WMP. Once you have viewed the 
animation close WMP (click 'x' in the top right corner or 'File-Exit') to return to the map page.
Typical broadband download times - 0.5MB file = approx. Zseconds, 6 0MB file = approx. 
20seconds
Click on 'Co/7f//M/«?'below to start viewing the 3D animations.
The map page may take a few seconds to load. Thanks for your patience!
Continue »
Back to 3D Image Evaluation
I- 2007 UrK-enity of ClinDrpv, ill ngHi reurved.
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Appendix B23 - AnimationMap.aspx
Appendix







Note: On some slower 
Internet connections 
the map may be slow to 
draw. Try clicking on 
the 'Full Extent 
button or refreshing 
the page if the map 
fails to draw at all.
Map Help
Select one or more 3D animations using the map or text list 
below. Click on 'Continue''below when you wish to move on.
Choose Animation— I Show Animation |
Continue »
Back to 3D Animation Intro
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Appendix B24 - AnimationEval.aspx
Appendix
Evaluating InternetTools for Wind Farm Landscape and Visual Impact Assessment 
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3D Animation Evaluation Questions
Please answer-the 3D animation evaluation questions below. When you have finished,click on 
the "futrni/t'tounon at the bottom of the page. If you wish to go back to the 3D animation map 
it anytime click on the 'Bfc/t to 3D Animation Too/ftp*'link at the bottom ofthe page and 
your ns,->onses will be saved.
la. Hoi.' c'ec rly d id you u nderstand f\ nterpret the 3D 
animations?
Ib. !*l ease add any comments in support of your answer 
(optional)
2a. How effectively do you think the 3D animations show how 
the wind farm might affect the general character of the 
landscape in the area?
2b. Please add any comments in support of your answer 
(optional)
3a. How effectively do you think the 3D animations show the 
potential visual impact of the wind farm from different places 
in the area?
:- \vt «*«K3v«>4aun?Mjtfuriduaf«M*cua*>ifMtandiMiMtfUc«
3 b. PI ease add any comments in support of your answer 
(optional)
4a. How accurately doyouthinkthe 3D animations show the 
potential landscape and visual impacts of the wind farm?
:- »**r •*££'•«• •) - M *f* "S M •»»••» »v«nK'tad3tL's/.'a| CM ^»Ifftc«f
4b. Please add any comments in support ofyouranswer 
(optional)
Back ta 3D AntmiTton Toot Paqa
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Appendix B25 - Interactive3D.aspx
Appendix
Evaluating In tern et Tool sf or Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
6. Interactive 3D Model
The interactive 3D tool allows you to control your movement around a 3D computer model of 
the study area.
How to use
In order to view the 3D interactive model you will neif) 10 download a program onto your
computer.
NOTE - This program may not run satisfactorily on some older computers. If the program 
does not run.oryou have problems downloading it. please click the 7 hadproblems 
downloading/running tit 3D modtl'bunon L lire bottom of the page.
If for any reason you DO NOT want to down load and run this program.you can skip this section 
an d proceed d i rectly to th e fi n il q u esti on page byclickingthisbutton:
[SKIP THIS SECTION |
If you are used to downloading and running programs from the Internet, you can followthe 
Ojjick-Slart Instructions section below If you would prefer more thorough instructions, we 
have prepared a detailed step-by-step guide to down loading and running the program which 
you can view as a PDF (Adobe Acrobattfile by clicking HERE
The download is a 13MBIMegabyte)filewhich should take approx. 60 seconds to download 
using atypical broadband connection.
Once you have completed the survey you can delete the BDModel file from your computer if you
wish.
Quick-Start Instructions
L Download. 'Save' and 'Ru n' SDModelexe
2. A box opens directing you to open afile - double-click the 5TART-3DModelf\\t
3. The 3D model opens andyou are readyto navigate. Click on the centre control panel feee 
belowVto move. Press //for Help
4. Press Tscto quit the model and click 'Cont/frue'belw lo proceed to the evaluation.
rtid pro&toms down toad infl.Yunning irta 3D model Continue »
a 30 Ai'*yiaT'Ji E'j
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Appendix B26 - Interactive3Deval.aspx
Appendix
Evaluating Internet Tools for Wind Farm Landscape and Visual Impact Assessment 
Research Survey - University of Glamorgan
Interactive 3D Model Evaluation Questions
Please answer the Interactive 3D Model evaluation questions below. When you have finished, 
click on the SoAm/fbutton atthe bottom of the page. If you wish to go back to the 3D model 
page at anytime click on the 'Back to Interactive 3D Tool Paye'\\r\V. atthe bottom of the page
ard 'our responses will be saved.
la. rtrw clearly did you understand/interpret the Interactive 
3D modtl? [
.b. PI ease add any comments in support of your answer 
(optional)
2 a. How effectively doyou think the Interactive 3D model 
shows how the wind farm might affect the general character of 
the landscape in the area?
i- »»*, '*f*U2 r« a tf £. iufB*t «uof »«AIM i'«* {km n-j"
2b. PI ease add any comments in support of your answer 
(optional)
3 a. How effectively do you thinkthe Interactive 3D model 
snows the potential visual impact of the wind farm from 
different places in the area?
t- tolfa* ,««U.««C41WaK»' d«»*wd fw *•«%•« nffvrffcdeWOTdMael 
S ->««V •»**.••.«•««•• «»e*W.«»i* »•* *•
3b. Please add any comments in support of your answer 
(optional)
4a. How accurately doyou think the Interactive 3D model show 
the potential landscape and visual impacts of the wind farm?
4b. Please add any com ments i n support of you r answer 
(optional)
_§a
O irnarjLCTfi.'c 3D Tool Papa
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Appendix B27 - FinalQuestions.aspx
Appendix
Evaluating Internet TDD!* for tVird Farm Lirditape ard ViiLal Impact Ai
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Final Questions
ThanJu •i'ery much Tar raking oarr inihli njr.f, -JUST on* UST oaoe Of gu
la. ir The kinds or TOO in to you h*ve bun snow* in rnti 
survey v«re incorporated imo a glanning -«tutt€ wntr*>-on 
«kuU *xplor* a wtnd farm pfoOMai.comoart diff*rt'T 
r»rm tavoun and snare vtevis wnnorner ocooit»nd he 
ulanfiing ainhorltcJ -do >ou think you-*»jy
l b. Pitaxe add any com m*ms in s upoorr or your answr 
Krtii tonall
2a *ouk) nsi.'ing jucisv*aj ue available
w ma*w your ocriniom on a oroooseS wind farm tcnowiT
2b. ')eas« add aw, comments in xuoootr or your amwtr 
W»i tonsil
3a. ff you tevt or*-/tou5Van«nd4da 
m«*rtng,*Kh!flfl-ton ffl f ; ofopjasftd -Mnd farm , hov. do you 
ititnt Ttwcc Wnds of im«rner'bu*dUndsca{wandvnual 
mi oact tools com »re to The material you nave seen at su&ti
3b-neas« add any comments iniupponaf your
da. Do you Think oan-icipas-ion via The interner nu T 
w (morovfi nubUc invoVem«m In The cunning groe«sc for 
proocced vrind farms?
b.PIOMaddvwuinifltmi miumoTof traur«i««r
S, What do yen Think are The sdvamages a
tnis TI w of tmerner-iased »g0roach Tor *naag!«g The
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Thank you
That's it!
Thank y >u 'erymuch for taking part in our survey.your participation has been veryimr or ant to 
us. We hope you have enjoyed the experience. You may now close this website unless you v.ish 
to provide furtherfeedback or email us (below). If you wish to re-take the survey now, click HERE 
to return to the start page.
If you WvUiid like to re-take the survey atalatertime.yourusername and password ar< valid for 
four weeks from the date they were issued.
Copyright
We would like to remind you that you cannot distribute, reproduce or print any of the material 
on this site. We would like to acknowledge the support of the Ordnance Survey for providing the 
mapping data used in this project
Feedback
If you have any feedback on any aspect of this survey/website, please fill in the form below. If 
you have any questions concerning this project, you can email the project coordinator at the 
University of Glamorgan -visualimpactg'qlam.acuk
Feedback:
Submit Feedback
Back to Final Questions
432
Appendix B29 - Example Map Help PDF
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Appendix B30 - 3D Model Help PDF
Step 1 - Downloading the model
Click the Download //„* /„ the Quick-Start Instructions section on the web
page..
A message box will appear similar to the one below, click the Save button.
File Download - Security Warning





, While files from the Internet can be useful, this file type can 
" potentially harm your computer. If you do not trust the source, do not 
run or save this software. What's the risk?
Step 2- Saving the model
A new window will appear similar to the one below asking you where to save 
the 3DModel.exe file on your computer. You can choose to save it anywhere 
but for simplicity you might find it easiest to navigate to your Desktop and 










© Desktop Lvj \j i$ L* ma-
iiljMy Documents ^Chessmaster 10th Edition
•i My Computer jUJERMapper71_Evaluation_Setup.exe
*^My Network Places :§j natureview.exe
rjf- Adobe Acrobat 7.0 Professional fjjf Registry Crawler











Save as type: Application
Step 3 - Running the program
Once the program had finished downloading you might see a message box 
asking you to run the program, if so click 'Run', otherwise navigate to the 
location on your PC where you downloaded it (e.g. Desktop) and double-click 
on 3DModel.exe to start the program.
3DModel.exe
A new window will appear similar to the one below asking you to open a 
'NatureView Scene File'. Double-click the START-3DModel file, shown below.
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V^My Network Places 
Cj3DModel_3DOs 






Files of type: JNatureView Scene Files (".NVW, ".NVZ, *.ZIP)_3J 
r~ Open as read-only
The model opens. After a brief delay while the model loads, you will be able 
to begin navigating around the model by clicking on the navigation and 
rotation discs at the bottom of the screen with the cursor. There are other 
controls available but these two are sufficient to move around the model.
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Press the 'H' key at any time for help and instructions.
Press the 'Esc' button at any time to return to the survey web page and 
continue to the evaluation questions.
There is no restriction on the number of times the model can be closed and 
re-opened.
If you experiencing problems downloading or using the 3D model, click the 'I 
had problems downloading/running the 3D model' button at the bottom of 
the web page, otherwise proceed to the 3D model evaluation by clicking the 
'Continue' button at the bottom of the web page.
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